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GENERAL INTRODUCTION TO TUB StfRIES 

During the past few years the civilised world.has begun to realise the 
advantage* accruing to scientific research, with the result that an ever- 
jncrcasing amount of time and thought is %oing devoted to various 
branches of science. 

No study liar progressed -more rapidly man «ncimsrry. This 
science may be divided roughlvunto several branches : namely. Organic, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any fine of these branches, owing to the vast 
amount of information that has been accumulated. The need M rather 
for a series of text-book^ dealing more or less comprehensively with 
each branch of chemis^y. This has already been attended by 
enterprising firms, so far as physical and analytical chemistry are 
concerned; and the present series is designed to rrfeef the steeds of 
inorganic chemists. One great advantage of^this procedure lies, in 
the fact that our knowledge of Ihe different sections of science docs not 
progress at the same rate. Consequently, as soon as any particular 
jmrt advances out of proportion to otlfers, the volume dealing with 
turned ion may be easily re visea or rewritten as occasion requires. 

Same method of classifying the elements, for treatment in this way 
is cJjarlj* essential, and we have adopted the. Periodic Classification 
with slight alterations, devoting a whole volume to the consideration, 
of the elcm^nts in each vertical colum%, as will be evident fitom a glance 
at the scheme in the Frontispiece. • 

In^he first volume, in addition to a tietailed account of the Elements 
MiJroup 0, the general principles of Inorgan* Chemistry, areUiWussed* ' 
Particular pain; have been taken in the selection of material for tigs 
volume, and an attempt has been made to present to the reader 
clear account of the principles* upon which our knowledge of modern 
Inorganic Chemistry Irbascd. 

At the outset it may bedmil^e explain that it was not intended 
to write a completa teyt-book%f Physical Chemistry. Numerous 
excellent^ works have ali^ady been devoted to this subject, and ft) 
yon*ne on such line! would scarcely serve af a suitable introduction 
to this series. .Whilst Physical Chemistry deals with the gbneral 
prind^es applied to all branches of theoretical chemistry, oyr aim!; 
ftaa bCen to emphasise their application to Jnorganic Che©i$li<L with’ 
•which braqph of the subject this series qfVext-books is exclusively' 
eouqprned. To this end practically all the illustrations to the law, 
aftt principles discussed in Volume I deal with inorganic substances. ,? 

Again, therefore pfany subjects, such as the methods emnjoyed 
tl& Veeurgtc deteragnation of atomic wdjjbts, which? are notgfcnerally 

j^SgardeB af forming part of physical Chemistry, yet these are suV 

, .. - 
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jeets-of.suprome importance tfl Jhe student pf Inorga1bw^qpii*ust,ry 
and areaceordijjgly included in tfc Introduction J 

Hydrogen and th« ammonitjn salte are dealf within 'Volume II, 
al#rfg with the Elements of Group 1. 1 Ttu^psition o/the fate earth 
metals in the Periodic Classification has for many yems bed! a souibe 
of dflficulty, Thewhave all been inolVlecf in Volume IV, dlongiwtth 1 
the Element* of Group III, this wa'found tq^ic tjje most sujtable. 


place for them. f 

Many alloys find compounds hate an equal claim to be considered 
in two or more volumcs*of this series, but this w*uld entail unnecessary 
duplication. For*cxamplc, alloys of copper and tin might be deiflt 
with in Volumes II and V respectively. Sinfilarly, certain double 
salts—such, for example, «as ferrous ammonium sulphate- 7 -might very 
logically be included in Volume II under ammonium, and in Volume IX 
under iron. Jfcwa general rule this difficulty ha^bcen overcome by 
treating eomple'substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin are. detailed in Volume V along *,vith tin, since copper occurs 
carlicr 1# namely, in Volume II. Similarly, ferrous ammonium sulphate 
is discussed in Volume IX under iron, and not under ammonium in 


Volume JI. The ferro-cyanides are likewise'dealt with in Volume IX. 
Bflt even jvith this arrangement It. has nek always been found easy 


to adopt a perfectly logical line of treatment. For example, in the 
chromates and permanganates the chromium and manganese function 
as part of tht acid radicles and arc analogous to sulphur and chlorine 
in sulphates and perchlorates; so that they should be treated in the 
volume dealing with t lie •metal acting as base, namely, in the ease of 
potassium permanganate, under pdlassium in Volume II. llutjM®?’ 
alkali permanganates possess such close analogies with one atyither 
that separate treatment of these salts hardly seems desirabje. They 
arc therefore considcre'd in Volume VIII. * 


Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of.carefully compiled indexes and frtf[ucnt cross- 
referencing in the texts of the separate volumes, the* student will 
t expcriM*w>no difficulty infolding the inhumation he requires. * * 

Particular *care has been taken with the sections dealing with the 
atomic weighty of the elements in question. The figures given are n*oj 
necessarily those to be found in the original memoirs, but have been 
recalculated, except* where otherwise stated, using the following 
fundamental values : . 

Hydrogen = *1-00762 .' Oxggen = 16-000. 

“io<jijpn = 22-996. Sulphur = 82-063. 

Potassium == 89-100. Fluorine' = 19-015. 


silver • = 107-880. Chlorine = .35-457. 

Carbon = 12-003. Brorqine = 79-916. 

Nitrogen = 14-008. Iodine =126-920. 

Hy adopting this meth^f ft is easy to aompare directly the results of 
earlier investigators with those of moj-e recent date, and m^eoN^r it 
renders the datajor the different elements strictiyjcomjarable through¬ 
out the.svhole series. 

•,« Our <aim has ^ot been % make the volumes absolutely .exhaustive. 



«S tlis»wofii<r fender them unhecesfcjly bulky ana expensive; ,«atliej 
Bas it been tmpontAute concise andsuggcstive accounts of the variout 
topics, and tlappeld nunierops references to (he leading \vork% and 
n\pmoirsdealii^ with thf^ame. Every effort has been made to render 
these references accurate and reliable, and it is hoped that then will 
prove a useful feature of the se*s. The more important abbreviations, 
which are substantially the same as thSse |dopted by The Chemical 
Society, are detailed in the subjoined list. 

In order that the series shall attain the,maximum utility, it W 
t^cesspry to arrange fcr a certain amount of uniformity throughout, 
and this involves the, suppression of the personality o f the individual 
author toh corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to "express my sincere appre¬ 
ciation of the kinctfmd ready manner in which- the authors have ac¬ 
commodated themselves to this task, which, witljGut. their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griffin and Co., who have done everything in their power to render the 
•e^irk straightforward and cas'Jr. 

J. NEWTON EMEND 


October 1910 


PREFACE TO THE SECONL\EDITION 

As the First Edition of this volume has been exhausted so quickly, 
it has not been considered necessary to introduce any extensive altera¬ 
tions. A few obvious misprints to which our attention has been ealteft 
have bfen corrected, and very valuable notes on the detection and 
esjimatioji of the platinum metals are introduced, for which thanks 
are due to Mr G. Sims. A summary of tnc Dates of Issue of the 
more important ‘Journals referred to in the text has been added 
(pp. xviii xx-i); and a*hort append^ is given dealing with recently 
discovered occurrences of cabalt and nickel. In conclusion, we take 
this opportunity of thanRing «our Headers for the generous reception 
afforded to the First Edition. * ° 

J. NEWTON FltlELD 


December 1921 



PREFACE TO THE FIRST EDITION 


in the preparation qf Volume IX it has beeir found desirable to depart 
somewhat from the plan adopted in the other volumes of this Series. 
Thus, the study of iron is relegated to Paft II, whereas, if the logical 
sequence had beenffimiritained, the metal would have revived treatment 
before cobalt aim nickel. Owing to the importance of iron, and the 
enormous amount of research that has been carried out in connection 
with its properties and those of its compounds, it was felt that the sub¬ 
ject deserved a separate book, and Part II of this volume has accordingly 
i>een assigned to it. * 

Again, the platinum metals are so closely similar in many of their 
properties that it was decided to treat of their detection and estimation 
all together in (hapterpf, rather than to deal with each separately at 
the end of the chapters dealing with their compounds, as has been done 
with cobalt and nickel, and, indeed, with the elements hi thoremaining 1 
volumes. 

The state of our knowledg? of the chemistry of the platinum metals, 
although greatly improved during the last t.jventy years, is still fur from 

S '' factory. This, no doubt, is^lue to*a variety of reasons, such os the 
v of the metals, their consequently high cost, and their similarity to 
another, which renders their preparation in u s^rtc of purity an 
extremely arduous task. This latter feature i* .well exemplified by the 
efforts of Matthey to prepare pure iridium. Ilis work is described 111 
fair detail on pp. 285-23(1 of the lext, liven after a fliost elaborate 
treatmentthe metal still contained traces oftuthenium and rhodium. 

ft consequence?of this difficulty* there can be no doubt that the 
early investigators frequently worked with a very impute TilStal, and 
this may in some measure account for discrepancies and apparent 
contradictions in their results. * s 

Again, imperfect gjethods’of analysis frequently led the investigator 
of last century astray, so that lie was led to postulate the Existence of 
many compounds, some of^shichliave since been proved to be fixtures. 
Thus* for example, Claris, in l»fl, observed that when ruthenium, is 
heated to a high temperature in air a bluish black mass ofqxide is formed, 
£c»responding in Chemical composition to^he formula IIu,0,* Ac¬ 
cordingly, thcrfixistencc of this compound was accepted as provbn until 
lDOfj. when Gutbier sljowed that the product is probably a mixture of 
ruthenium and its di-oxide, RuO,. No dqubt many other substances, 
sup[x*edly»compounds, arc really mixture/.\ In cases where reasonable 
dqpbt exists, the present author has given indications in the text for the 
guidance of tlA reader. _ ■' 

Attention fmaif in this connection, be called to»the decidability of 
v gg our knowledge of the chcmisttf *>f the platinum metdls. Only 
■>m chemists, and. those mostly German/ have attacked 
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subjects* the field may-lie saidjj oe to a large uegreerunexi>Ioled. ( 
The story of the rticecss attendinafehese chemists in the.vcry limited 
number of researches fmdertaken” read^ almost lile a pinnace, and 
shortla stimulate British workers seeking prorfh^ag flelds^tor research.^ 
* Tbps, for example, prior to 1013 [indefinite fluoride of osmium had 
been isolated, although it was known th\combination could tfike place 
between fluoride and osmium- that, year, howevaf Rulf and Tschirch, 
in a fnscinatihp' npnoir, described the #preparation and isolation of a 
dbmplete series of fluoridfs, namely, OsF,, OsF,, and OsF,. Evidence 
was also obtained J;l‘at the tctrafluoridc fcould 'combine with alkal^ 
fluorides to form fluorosmates, of general formulg. M,OsF«, analogous 
to the better known chiorosmates and chlorplatinatcs. * 

As an example of anothd- kind of rescarcli may lie mentioned that of 
Levy, who has .demonstrated that certain hydralkj platinocyanidcs 
can exist in two Modifications, having the same crj^talline form and 
chemical composition, but exhibiting a remarkable difference in their 
optical properties. 

In view of the foregoing it seems certain that discoveries of t he highest 
interest are awaiting the diligent reseavclf student in this particular 
field. « 

For the research student fuller details ara necessary than can be 
given ig atext-book of this kind. This dilTicu|y is to some degree met 
by copious references to original literature, so that a student who 1ms 
access ton suitable library may acipiire the information he needs with 
the maximum Rapidity. •Mn this connection it may be mentioned that 
in almost every ease the ordinal memflir has been consulted in the 
Library of the Chemical Sgcicty by the present author, and although 
it is too much to hope that, the* references are entirely free from error, 
it is believed that any such errors will lie few and of minor important 

In preparing^ work of this kind it is a great advantage for an amhor 
to receive construct ivg• criticism and advice from his friends. My 
sinccrest thanks are due to Dr. Caven and to Mr. Little, who have care¬ 
fully read thrftugh the whole of tin# work in proof, and made numerous 
alterations, additions, anif suggestions. In addition to this,"Mr. Little 
very kindly wrote the sections <th the atomic weights of*the petals. 
ThrouglFtlu? kindness of*Mr. Clifford, the? courteous Librarian of tliA 
Chemical Society, it has been possible for me hi gain access to many 
early memoir. i» a manner that would otherwise have been quite out 
of the question. My thanks arc due alscf to Messrs. YV. U. Barclay, A. 
Banks, A. V, Elift-idgif B.Se., and to many other gentlemen for kind 
assistance in one way or another. 

J. Nr F. 


October 1919 
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A.TEXT-BOOK QF. 

Inorganic chemistry 


VOL. IX. PART I 

COBALT, NICKEL, AND TIIK ELEMENTS OF 
THE PLATINUM GROUP 


• CHAPTER I 

GENERAL CHARACTERISTICS OF THE ELEMENTS 
OF GROUP VIH 

As lon^ «S<> as 1 lie- beginning of lutit^ccJrliry the attention of 
•chemists had been drawn to the fact lliatt-ifrtaiii triads of dements 
exist which exhibit not only a dose similarity in their chemical and 
T% s ical properties, but also an inferestiu# iegularity in their atomic 
weights. 1 For several years, however, the subject was allowed to 
drop into abeyance until Dumas, in 1851, uguin brought ft to the fore, 2 
and boilpho and other chemists rapidly added to {he list of regularities. 
At first it >c,is lioped that all the elements might, ultimateljbbe grouped 
."‘to triads, Jtnd that in this way a complete system of classifying the 
elcmcnF^niighPlrc evolved, inasmuch as. t he Periodic Classification had 
%at as vet been introduced. These hopes were, howevcr-rloomqd to 
failure, and a severe blow was struck at the utility of thedriads when 
i Cooke 3 showed that some ol them actually broke into natural groups 
,of elements. The halogens are a ease in point, for chlorine, bromine, 
and iodine are but three out of four closely similar dAudits,*and no 
system of classification that deals wi^i these to tiie exclusion of fluorine 
can be regarded as satisfactory. A simijar'objection applies to the 
triad of alkali metals, naifldy, lithium, sodium, and potassium, for 
whilst jt is*ruc that they resemble cadi other \ 0 ty closely, iftenjarkafcle 
analogy likewise exists between them and rubidium atfcd caisiunvthe 
five clepients thus*constituting a natural pentadie group. 

As already stated, the majority of the triads exhibit an interesting 
relationship between the numerical values of fheir atomic weights, the 
mean of the, first ‘and tliircP heftig almost identical with the middle 

F f 

, 1 „®“ b “ eincr ' OiOatt 57 , 436; l’ogg. Anaalen,*1829, 15 , 301. See 

e«o Gilbert s Annalen , 1816, 56, 332, which contains a report by Wurftr on iJeobensner. 
*4Z Ikm !%, Britiah Atsoc ' Uc I ml *’ I s51 1 Compl. reM,, 1857, 45 , 700: 1858, A 951 1 
. ’ -; s 47. 102* f - 

• P, Coike, Arper. f. Sci., 387. 

tots.; 1 r 



2 COBALT, N1C&EL, AND ELEMENTS OF PLATINUM %)IJP 

value. •Thus, ij> the case of tl’» lialogen and alkali triads refpectivejy 
the figures arc given i“ the accompanying table : 

C * • r 


t * Element. 9 

1 * 

Atomic weight. 

1 < 

e f 

Difference. 

c o 

Mean of extreme 
n^omic'weights. 



( 


Lithium • . 

0-91 ' 

10-00 


Sodiu®^ 

23 00 

l* 

23 02 

PoliissiuriT 

39-10 

10-10 


Chlorine . . , 

3540 

4 - 1-10 


llromine 

7992 

' 

8119 

Iodine . 

120-92 

4700 



Three sols of triads exist, however, which do not exhibit this rela¬ 
tionship} indeed their atomic weights closely approximate to pne 
another. Furthermore, by arranging these elements in the forn^ if , 
triads no natural groups are broken into, ijince the triads appear to be 
pomplqte and self-contained. They arc as follow : 

1. Iron 'c S5Ht 2. Ruthenium 101 -7 3. Osmium 190-9 

Cobalt 58-97 , Hhodium 102-9 Iridium 193-1 

Nickel 1 58-08 \ Palladium' 100-7 Platinum 195-2 

1 ' 

Not. only do the elements in each of the above triadic groups exhibit 
a more or less regular gradation in their properties, but a certain amoitlu. 
of similarity is found to exist between a member of any one triad and 
the corresponding members of the other triads. Thus, lor example, 
iron, ruthenium, a Ml osmium have several interesting peculiarities in 
common; f o have cobalt, rhodium, and iridium, as we 1 ', as nickel, 
palladium, and platinu m 

Such relationships between three sets of triads are-unique; and no 
systematic classification of the dementi- can afford to ignore them. ' > 
After the enunciation of the Law of Octaves by Ncwhnuls in 1801, 
and the realisation by chemists that a convenient method of groupipg „ 
the elements could indeed lie obtained by arranging them in the order t 
of increasing Atomic weights, the nine elements mentioned above were 
given a unique position in a group by themselves, namely, in the eighth 
vertical column of the Periodic Table (see Front ispieee). The remarkable 
feature of this grouping lies in the fact that whilst in every other vertical 
column, stive that app wtioned to the Rare Earth Metals only 0 one 
single clement; occupies the position in each horizontal series, 1 in the 
eighth group those positions are occupied by triads. Tt will be observed 
-that ‘these triads occupy intermediate positions between the even and 
odd Series of the First, Second, and Fourth Long Periods respectively. 
For this reason they are termed the. transitional elements, arid, as will 
bo seen later, their chemical properties justify their positron as inter¬ 
mediaries between the metals of the even and dad series of the seventh 
and first groups respectively. 

’ Excluding most of the radio-aments derived from tltorium and- titanium. 



UHAflAOTEKISTKS OF THE ELEMENTS OF JUROUP VIII 3 

The Atomic Weights of die Elements of protSp VEtt 

It will be observed tjn^t €bbaft is placed between iron and nickel 
*in tlft Peridtlic Table figured on the Frontispiece, id though its atomic 
.weight fS8'9i) is greater than thAt of nickel (SS-tiS^. This is one*o# 
the anomalies oj the scheme a which gtift awaits solution. Nickel 
resembles palladium nu^plntinum Jar more elosfly than it does rhodium 
and iridium, whilst the reverse is true for cobalt. lUncc it may be' 
inferred that, despite tlfc irregularity in the ato»nie«weiijhbjppthc true 
gjosltion of nickel is at the end of the triadie group. aisrfnaFof cobalt 
is the centre. This receives strong support from the iju-t that by 
placing cobalt between iron and nickel a nmre^radual variation in the 
properties of the tlmf elements becomes observable. This will be 
made abundantly evident in the sequel. In INTO a similar dillieulty 
confronted chemists in connection with osmium, iridium, and platinum, 
which were believed to have the following atomic weights: 

Osmium ..... 198(5 

Iridium ....... 196-7 

Platinum.190-7 

According to this their positions in Croup VIII should be re^erged. 
platinum appearing in the same vertical line as iron ami ruthenium, 
osmium being relegated to the end of the triadic group, n?imcl\>undcr 
nickel and palladium. Such an «in-angemenl, however, istopposed to 
the general properties of these ch-mcnfiS**^i./mm resembling nickel 
und palladium more eloselv than it does iron util ruthenium, the reverse 
Mug true for osmium. Subsequent, research has shown, however, that 
the atomic weights assigned to the elements in question in 1X70 were 
incorrect. The values recognised by the International Ajomic Weight 
Committee‘for 1921 are as follow : 

him ... ... 199.-9 

0 Irioiujn.'. 19.9-1 

JPIatinum . • . . . • . ; . 195-2 

This brings the three elements into complete harmony wit lithe general 
sahelne. It is always possible that further research inqyjultimately 
prove, in a similar manner, that nickel and cobalt are not real, but only 
apparent, exceptions to the Periodic Law. It must.be fldmiUqd, how¬ 
ever, that this is very unlikely, since jt necessitates either very consider¬ 
able errors in the modern determinations hMlicir atomic weights, or 
the assumption that one ortioth of these elements is in reality complex. 

Thg nwst recent views* on the Periodic £,lassilicntioiMaiggest»an 
entirely different method of removing the anomaly, niynely, that, Jhe 
atomic, weight is*not the correct property to use in arranging the 
elements; rather should one be chosen which increases by a eoifstant 
amount hi passing l'rorn one element to lh<* next. Physical tlieory 
indicates the^positKc nueleart-hafge of the atom to he one siieli property, 
whilst experimentally it is fojmd that, tin- X-ray spielja afford such a 
property, and eliminaf? the nickel-cobalt anomaly. 1 

* See Xvf I, 3rd ed., Jip.^77-8. 




COSALT, NICKEL, AND ELEMENTS OF PLATINUM, dfoVl 

General Properties 6f the Metals of Group VIII 

The general physical properties of thV ipotals are given in tabulai 
fopn on the facing page, and a strong family likeness mrty be tfaced 
throughout. I lie whole group. Thus in general appearance they Are silver 
white, remaining bright in (Iry air. In their behaviour towards moist 
air one njet.d, namely, iron, is uniqi/e. It rej^fiily-corrodes, yielding a 
brown pulverulent, mass of hydrated oxide known familiarly as rust. 
The otluasifletals Villit r siinplv tarnish or rem'ain entirely unaffected. 

When in a"*s?!ite of fine division several of the metals exhibit powerful 
catalysing properties. For example, platinurii black introduced into 
hydrogen and oxygen mixed in the proportions necessary to form 
water, causes the two gases to unite with a loud explosion; whilst 
nickel is used commercially in a finely divided condition for effecting 
the hardening or hydrogenation of unsaturated oils, such as linseed 
and cotton-seed oils. 

The temperatures at which the metals begin to volatilise in vacuo 
to a detectable extent arc of the same order. The following data have 
beci^given 1 : r 1 

Cobalt . . 040° C. Nickel . . 750° C. 

, Iridium . . 000° 0. Palladium . 735° C. 

Iron .• . . 755° C. 

The mejals melt ayd boil at very high temperatures, the melting- 
points ranging from -Upwards, and the boiling-points lying in 

the neighbourhood of 2100° C. For this reason several of them, such* 
as platinum and its alloys, .iridio-plafinum, etc., are employed in the 
manufacture of crucibles and scientific apparatus destined for use No 
high temperatures. Iron and nickel are used commercially in the 
construction t>f machinery and mechanical appliances liable Jo exposure 
to extremes of heat-. * 

The mid-als are further ehrtfactcriscd by their power, ,/f forming 
complex radicles with other elements or groups. Well-known examples 
arc the ferro-cyanides,*osmo-eyanides, pallado-ijyanidcsV etc., hi which 
the {netali^eombined vjth the eyanogep group, yield eomplejf negative 
radicles with properties entirely different from those characteristic of 
‘ the ordinary .metallic salts. Most of the metals yield remarkable scries,, 
of complex nmmino derivatives, of .which the best known arc the, 

cobultiuninincA amkphitinannninos. 

Into a somewhat similar category must be placed the double halo- 
geniSes such as chlor-rubhc'natcs and chlor-platinates; double nitrites 
like those of cobalt, rhodium, and osmiunf; and the double oxides, as 
cx«mpiyicd»hy the ferries, osmutes, and rhthenates. ■ , 

,,\n interesting series of salts is afforded by the alums of tftvalent 
iron, cobalt, rhodium, and iridium. These have the'general formula 

i , M 2 S0,.R,(S0 4 ) 3 .2tIl‘0, 

are isomorphous, and establish a link between the .foregoing elements 
and aluminium, chromium, and manganese. , s • 

Despite theSe and other analogies between! the nine elements of 
Grou^t VIII, ills not difficult to observe that the six elements of grgptest. 

* ' $nockc, Ber., 1909, . 12 , 200. ‘Knocks givA. 540“ C. for plntinunr, but Robeha'’ 

1913, as, 370) showed thy metal dwjynot volatilise m kksuo.I ’ 
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atotific •weight exhibit a muck'closer similarity amongst themselv* 
tlian towards iron, cobalt, nfid nickel. Their melting-points an. 
coefficients of ejfpansion with rise *>f Vmperature are d-f the sam 
order; they arc readily reduced to the m#tifllic conditio# from.t.hei 
•dtnpounds, and generally speak inf} manifest considerable rssistano 
towards aqjds and the usuitf chemical reagents. 

A characteristic property*of the filatinunjf.metafs consistn in th( 
TcadincssVilh jvhicli they admit of Iteing prepared in the colloidal stati 
as* hydrosols. ’JV-sc.latler possess powerful catalytic properties, anc 
their aecelSSeisg influence upon the rate of decomposition of aquosui 
solutions of hydrogen peroxide has been careQdly studied- The most 
powerful eafaiyscr is colloidal osmium, followed in order of decreasing 
activity by platinum, palladium, and iridiumdV 

The hvdrnsols arc more active than their respective metals in finely 
divided condition; this is attributable to their increased surface and 
to the more intimate contact between the particles of metal and the 
molecules to be eatalylieally acted upon. 

Hydrogen, in the presence of thesp hydrosols, exhibits increased 
activity. For example, when this gas is passed into a mixture in¬ 
sisting of 

10 e.c. of metallic hyfirosol 
10 e.c. of alcohol 
2 grs. of nitrobenzene 

the lnsl-napied substance is reduced Jo aniline : 


C ( dl.:xp + ;jii 2 = C„lI 5 Nir 2 -|- 2II 2 0. 

Jly measuring the volumes of hydrogen utilised in this way in 
unit time per unit volume of metallic hydrosol, a measure of the relative 
efficiencies of the colloidal metals is obtained. The results obtained by 
l’aal and his‘eo-worl;ers are as follow : r 


1 C.C. lit , 

r r 

Palladium hydrosol 
Platinum •„ 

Iridium , f. 
Osmium „ 


o.o. hydrogon per hour 
12,000 to 32*000 
Q.700 to <37.000 ♦> 
2,000 to 4,000 
Only small activity 


There Is little to choose between palladium and platinum, whilst 
the activity of osmium is exceedingly small.- 

Several of the fhctals yield solid hydrosols when their solutions are 
concentrated in the presence of a protective colloid, such os gum 
acacia or sodium lysnlbin'al*, over concentrated sulphuric acid in vacuo. 
On treatment with warm water the solids redissolve, yielding the 
colloidal solutions ngaifc “ , " 

'The solutions are fairly stable, but decompose if shaken with barium 
sulphate or animal charcoal, the metals coagulating. 

Ip theifinely divided*condition the metals are likewise possessed of 
powerful catalytic powers. These ,arc shown to advantage when 
asbestos soaked in a solution of the chloride of any one V'f the metals 
is ignited, whctVby the metal is obtained as a, ; deposit on the surface 
of the anbestoS in a high state of subdivision. In such circumstances 

■ 1 Sec Paul and Ins co workore, 4 fer., 190S, 38 S, 1460, 2414; 1907, 40, 2201,"2$t&:o 

ISQIi.'gi, 2273, 2283. ‘ ’ 
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Hey readily oxidise hydrogen -and hkdroparbons in the prjsenqf of 
air. Tiiey may be arranged in the following order of%ictivity, osmium 
proving decidedly the most ijpacljjvc and rhodium'tlie least: * 

Omnium ^palladium ; ^iktinum and ruthenium ; iridium ; rhodium. 1 * 
It is interesting to compare this order with that found for the activity 
of the collcfidal metals in regard to the.jdceompotilion of hydrogen 
peroxide. The ehange^in posit ton of tht osmium is romarlAble. 

In this connection it is interesting to note that iniinit* traces qf 
these metals mav bo detected on asbestos by holding the latter, inline-* 
dktoly after hunting to redness in a llunscii 'ilame,jjjw*>*rftixture of 
eoal gas ajul air. Tlje particles of metal become incandescent in 
eonsequenee of their catalytic activity in causing tin* union of the coal 
gas and air. 1 iv this;.mans it has been found possible - lo detect th e 
following I races : 


Platinum . 
Iridium 
Hhodinm . 
Palladium . 


0-002 mg. 
0-005 „ 

00009 „ 
00005 „ 


llullu-nium, rhodium, iridium and platinum are characterised by 
yielding, upon reduction*of their salts, highly explosive poltdcrs. 
Osmium and palladium do not appear to share this property. 3 . 


Comparative Study of Iron, Cobalt, and {Koiel 



*._ . 7 f I .;—. f 

•tiS might be expected from Oolong and Petit’s Law. Again, all three 
metals become passive or inert when exposed to certain oxidising 
influence.^ such as anodic ]>olarisation in alkaline solution. This is 
usually attributed to the formation of a skin of "oxide upon the surface 
of the metal which protects the imdc( layers from attack ; but probably 
no single explanation will sudioe for every ease. Hydrogen is readily 
occluded by *ach of the metals to an extent dependent upon a variety 
of factors such as temperature, length*of exposure to the gas, and the 
physical condition of the metal. 

•On the other hand, <lie metals exhibit an interesting gradation iu 
properties. For example, the inciting- and boiling-poinfsgradually fall 
as we pass from iron to nickel. Whilst it is true that all three metals 
are magnetic at ordinary temperatures, iron retains this property at 
very high temperatures, cohalt loses it at about 1150° t\, aiub nickel 
at 32<F C. 

, Eaclj. of the metqls is stable in dry air, and neither eohplt nor nickel 
is gftatly affected by moist air, merely beaming tarnished procesf 
of time. Iron,•however, readily rusts under such eruditions, yielding 
a reddish brown, pulverulent mass of oxide which tends to stimulate 
further corrosion. In this respect iron is unique. 

In \hc f finely divided .condition each of the metals can act'as a 
catalyser,' as, tor example, in the reduction of unsaturated hydro¬ 
carbons. Thus acetylene In .the presence of excels of hvdrogen on' 
1 Phillips, .4fiier. Chcm. J., 1894, 16 , 103. 

* Curtinan and liothberg, J. AmermClfhn. Hoc., 1911, 33 , 718. 

1 1 Cohen aad Stronger*, feilsch. pfysikal . Chcm., 1908, 61 , 698. 
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coming into contact*with the metals at temperatures <omewJ^t beloy 
200° C. is*reduce# to methane, eghane, etc., liquid petroleum being also 
Coined. Nickel aft* most vigorously^ btjt cobalt is less achive, whilst 
jfon »ill not act in all reactions. , « , 

Compounds. Even a superficial study of the derivatives of iron, 
cobalt, and nickel shows that a decided gradation in properties occurs 
as we pass fijoni iron through 1 cqbalt to nickel. Thus iron readily forms 
two classcy of salts, namely, ferrous pud ferriefin which the metal is 
respectively divalent and trivalcnt. Of these the ferric salts are 
'generally s neaki ng the more stable. Nickel, on‘the other hand, usual])' 
functions as aKfialcnt metal, and although evidence appears to have 
been obtained in favour of the possibility of thfc momentary existence 
of salts of trivalcnt nickcj, such salts are unstable in the very highest 
degree. Cobalt lies between these two extremes, for although its 
ordinary trivalcnt derivatives arc unstable, double salts in which 
cobalt has a valency of three are not only well known, but are remarkable 
for'their stability. 

By way of illustrating the foregoing it is instructive to study the 
cyanogen derivatives of the metals. On adding a solution of potassium 
cyanide in excess to one of a ferrous salt the precipitate first formeTi 
readily passes into solution yielding potassiuy.i fcrrocyanide, K 4 Fc(CN) 8 , 
in whiefy the iron continues to function as a divalent metal. The 
a<Jueftus solution contains the complex ion Fe(CN),"", which consti¬ 
tutes the negative radicle. Upon oxidation potassium ferricyanide, 
K 3 Fc(CN) 8 , i| produced,.which contain!;, the negative radicle Fc(CN),"' 
in which t he iron is trivalcnt-^JUribalt behaves in an analogous manner, 
yielding cobalto- and coftSlti-eyanidcs, although the former are not 
characterised by great stability. It is otherwise with nickel, however, 
for salts of this metal on treatment'with excess of potassium cyanide 
solution yield potassium nickelo-oyanidc, K 3 Ni(CN) 4 . The divalent 
negative ion Ni((’N) 4 ' is present in solutions of this salt, so that the 
foregoing formula is- 'probably more correct than 2KCN.Ni(CN) 2 .* 
Nevertheless 4 thc salt is readily decomposed by addition of oxidising 
agents, such as sodium diypobromite, yielding a black precipitate of 
nickel peroxide. Indeed, this difference in behaviour between cobalt 
and njckcl salts is made,use of in separating the two metals in quali¬ 
tative analysis, for nickeli-cyanidcs are not known. 

* Carbon rpaylily dissolves in molten iron, yielding the carbide Fe 3 C,« 
known technically as cemcntite. It is this power of absorbing carbon 
that renders iron 1 so extremely valuable for metallurgical purposes, since 
its physical properties are entirely transformed thereby. From a 
relatively soft metal it may be converted into one exhibiting alt-grades 
of hardness up to that which readily enables it to scratch glass. Its 
£thcs physical properties, juch as elasticity, tensilestrcngth, brittleness, 
etc., t iye also stupendously influenced by the presence of carbon. In¬ 
deed, in this respect, iron is unique amongst thy metallic elements 
Carbon dissolves likewise in molten coba't, and at very high tempera¬ 
tures the cifrbide Co 3 C is'produccd, but the carbide decomposes into 
cobalt and graphite with such rapidity upofi cooling that it .cannot be 
detected even in quenched s]ieeimcns. Thq nickel L undiogue, Ni a C, has 
also been obtnincjJ. These substances, however, tlo not possess a tithe 
of the infetest. or importance fUnehing to their iron analogue. 

\ Rossi, Gcfczetla, 4 j, f. 
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All tUrefc metals unite with carboi*monoxide to form tetrijpar^nyis 
of general formufa M(CO) 4 . Of thes% the iron deri^itive yields dark 
green prismatic crystals vv/^elijare stable undef ordinary conditions 
butjdissoci^te into mchrilir iron mid carbon monoxide at. 140° to 150° £ 
Cobalt tctracarbonyl likewise occurs in the solid condition at. ordiijpry 
;empcratur«s, in the form of oraiijje crystals, which, however, dccompdie 
m eyesore to '..ir, yielding a basic carfconatc. The nickoi analogue is 
i liquid, boiling at itl lf 1 and Solidifying at — 25° C. , 

Iron unites with oxygen to form three w,..l-ddincd oxides, namely* 
Vrous oxide, Fed; fcrrosd-fcrric oxide, Fe/) 4 f aml .fewie oxide, 
Fe a 0 3 . Tljcse are. basic in character as a rule, althffiigh ferric oxide 
ilso )>ossesses feeble acidic properties, as evidenced by the fact that 
lerivatives of ealeiuM, lead, cojiper, and .other metals have been 
ibtained. The dioxide, FcO., has not been isolated, but ferrites have 
icon prepared, such as barium ferrite, l!a(). l'V() 2 or lluFcO.., in which 
he oxide functions as an acid radicle. Similarly attempts to prepare 
he trioxide, Fe() :1 ; have hitherto proved abortive although barium 
errate, ltal'e0 4 , is known. 

• Cobalt likewise yields a tnonoxide, CoO; cobalto-cobaltic oxide, 
;o 3 0 4 ; and cobnltic oxide, Co 2 O a . The last named is interesting 
nasmuch as its hydrate, O(OII).,, dissolves in hydrochloric acid e/5lviiig 
■hlorine, thus behaving like a peroxide. In this respect, it closely 
•csembles nickel dioxide, and the resemblance is all the .more striking 
linee nickel does not nppear to yield a sesquioxide.. Cobalt dioxide, 
1‘oOj. has also been prepared ; it unites with bases to for*i cobaltites. 

Moth nickel monoxide, NiO, and nhkclo-nickclic oxide, Ni 3 0 4 , are 
{liown, but, as stated above, there is a (Teubt about, nickclic oxide, 
Vi./).,, the substance usually described as such being in all probability 
he dioxide, NiO,. llarium nickelite, Ha().2Ni() 2 , has been prepared. 

Ferrous hydroxide, F’e(Oll) 2 , and eobaltous hydroxide, Co(OII) s , 
ire characterised by the readiness with which they Vi sorb oxygen 
'rom the air, yielding brown oxidised products. 'Nickelous hydroxide, 
Vi(OIl) 2 , <yi the other hand, is oxidised considerably less aeadily. 

Cobalt scsjjpiisulphidc, Co 2 S 3 , results when S mixture of sulphur and 
.he carbonates of cobtilt and potassiuucarc raised to white heat. Nickel 
n similar circumstances yields K 2 S.yNiS, amt thus resembles palladium 
mri platinum, whereas yobalt behaves more like rhodium and iridium. 
Che position of nickel alter cobalt in the Periodic •Tabic is thus 
supported. ' * , 

The sulphates of divalent iron, cobalt, synl niekal all occur in various 
stages of hydration. The heptghydrupes are isoinorphous.. With 
sulphates of the alkali lyetals isomorplioifs double salts are formed 
tontaining six molecules, of water, and having the general formula 
tfjSO 4 . ftSO 4 . (il 1 /).* Ferric sulphate and c*baltic sulphilfe arc known/ 
jut not niekelitv sulphate. • . • 

Doth iron and cobalt, when trivalent, yield stnble double sulphates 
with ammonium and the alkali metals, containing twenty-fjur molecules 
>f water. These are known t\%alums, and to them the general-formula 
Vf 2 S0 4 .R 2 fSp 4 ),’.2tH 2 0 m*ay be ascribed. They usually crystallise in 
well-defined octahedyi. Nickel, on the contrary, d«es not yield salts 
jf this type, since nickelic sulphate cannot exist. , # 

’ ‘The chlorides of iron, cobalt, and. rffc'kel arc of peculiar /interest, 
Ferrous^hloride, when penes^ly pure* and free from water, is % whiflf,‘ 
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scafacrystalline substance, volatile at yellow heat in. the - absence of 

air. It readily ifbsorbs mnmonji, yielding a voluminous white mass, 
tn#> definite amrnpnfates, namely, thej di^jnmoniate, FeCl 2 .2NH s , and 
-Jie hexammonialo, FeCI 2 . 6 Nir 3 , having been isolated. Tly hydrated 
lal£ contains four molecules of water and yields bluish, moeoclinic 
■fystals. Solid ions of ferrous chlortdc in various solvents readily 
ibsorb nitri* oxide. Cobaltou* chloride is, in many 6 ( its properties, 
nlirely different from the preceding tfcalt. Wllen anhydrous it occurs 
*s blue crystalline scales. Numerous hydratej are known, of which 
die licxi Hydrate isthcSnost. common, occurring ns dark red monoclinic 
prisms. In Hu^eold, a saturated solution of cobalt chlorjde is rose- 
coloured, button warming it. becomes violet between 25° C. and 50° C., 
and above the latter temperature it assumes a,blue colour. This is 
entirely characteristic of the cobalt salt, neither ferrous nor nickelous 
chloride exhibiting this phenomenon. Cobaltoiis chloride yields a 
hexaminoniale, Co('l,.<iNir.,, in the form of dark rose-red octahedral 
crystals when ammonia is passed into a concentrated aqueous solution 
of eobaltous chloride in the entire absence of air. Nickelous chloride, 
when anhydrous, occurs as golden scales which readily dissolve y\ 
water, yielding on crystallisation green monoclinic prisms of the hexa- 
hydime, Ni('l,.(iH._,(), isomorphoiis with t bet corresponding cobalt salt, 
l.jkc ferrous chloride, anhydrous nickelous chloride swells to a white 
powder in thy presence of ammonia, the hcxnrnmonintc, Ni('l. 2 .GNH.„ 
being pjoduettl. , 

Ferric chloride is a well-known, stride salt; cobaltic chloride has 
not been isolated although Uwftcntions of its possible existence have 
been obtained; nickel dot's not yield a trivalent halide. 

For the sake of easy eonrparisop and contrast a. few of the mortfc,. 
important, compounds of iron, cobalt, and nickel are indicated in the 
accompanying table : 


Tro#. 

Cobalt. 

• 

NicJ^‘1. 


« 

. (t Co.,C H 

NijC * 

I'V(CO)., 

Co(CO) 4 

Ni(CO), 

(soy <i^ 

(solid) 

(liquid) 

lv,l'<'(CN)„ 

K/'ofCN), 

■ k,n,((N) 4 

K/V(('N7, . 

KjCo(CN) a 


Fe() 

Co ( 0 

NiO 

’ Ih.,0, 

• '< ('<'304 

Ni 3 0 4 

Fe.,0., 

‘ Co,0 3 

— 


. Co0 2 

NiO/ < 

FeS0 4 .7JL0 

CoS0 4 .7iI 2 0 

NiS0 4 .7lI 2 0 

M a s0 4 . FeS0 4 . GH 2 0 

M 2 S0 4 . CoS0 4 . filljO 

M 2 S0 4 .NiS0 4 .6lI 2 0 

Fc 2 (S0 4 ) 8 .9ll 2 0 

Co 2 (S0 4 ) 8 .18lI/) 

M,SO,.FF,(SO,) ;1 . 

W„SO,.Co.,(SO,),. 

— - 

2HI 2 0 

StdljO 

• \ 

Fc 4 N a 

Co 4 Nj 

5 Ni 4 N a 

FeClj , 

CoCl, 

NiClg 

, FeClj 

0.1 (? C 0 CI 3 ) 

— 

| t 

\ 
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Position in the Periodic Ttihle.-^o many respects iron, gobjtt, and 
nickel constitute interesting intermediaries between manganese and 
copper. 'So close indeed 0 tl|e connection between manganese,won,, 
and cobait, that mnnjjhit'se lias frequently been taken out of Group Uf 
and placed in Group VIII nt'gig with iron, thus converting t he, ffrsfc 
triadic grdup into a tetradic one. 1 A% illustrating the gradatioif in 
properties on 'passing from nmngancac to ryckel, it may be observed 
that manganese, iron, and nielAi yield carbides of the type M,C, the 
heats of formation lxjing as follow : 

Mn.,(' 4- 12-9 Cals. 

FCjC - 15-3 .. 

Ni,C — 391 „ 

The first named is stable, the second"is slightly unstable, whilst 
nickel carbide is characterised by great instability.- 

Moissan 3 in 1880 called attention to the fact that the affinities of 
chromium, manganese, iron, cobalt, and nickel for oxygen and the heats 
of formation of oxides, chlorides, bromides, iodides, and sulphides 
t decrease as the atomic weights rise. 

When a caustic alkali is added to a solution of a ferrous salt, white 
ferrous hydroxide is precipitated. This readily oxidises in air,yielding 
brown, ferric hydroxide. A manganous salt behaves in a precisely 
similar manner. It is instructive to note, however, that wlfen ammo¬ 
nium hydroxide solution is added to one of a manganous salt in the 
presence of ammonium chloride, the hydroxide i< not precipitated, 
and under similar conditions ferrous hydroxUle is only fftrt.ially thrown 
out from a solution of a ferrous salt. * 

Although the dioxide FcO s has not been isolated with certainty, 
derivatives such as strontium l^rrite^SrO.Fe0 2 , and barium ferrite, ' 
HaO.FeO,. arc known, corresponding to the manganites. Ferrates, 5 
eorrcspvnding in composition to the manganntes, .have also been 
obtained, the most stable of which is the bariifip salt, 11aFeO,. 

noth iron and manganese yield divalent and trivalent series o£ 
salts as exemplified by their chlorides, Fe('l 2 .Mn('l 2 ; FA’I.,, Mn('l s , and 
sul|#iates, FeSO.,, iynS0 4 ; Fe._,(SO,),, Mn 2 (St) 4 ) :l . Further, manganous 
chloride and bromide, together with theii^ hydrates, are isomorphous 
with the corresponding ferrous, cobalt, and nickel'salts. ‘Ferrous 
s'nlphate is interesting? for it exists in several stages of hydration, the 
heptahydratc, 'FeS() 4 .7lI 2 0. and tetrahydrate, FcSl)J. +11./), being 
isomorphous with the corresponding manganese suits, M,nS0 4 .711,0 
and MnSOj. HI./). The pentahydrato,' FeS0 4 ?5lI a 0, is isomorphous 
with^copper sulphate, CuS0 4 . 511*0, and lyixed crystals of the two salts 
arc readily obtainable. • 

• ^Manganic, ferric, add cobaltie sulphates yield with the sulphates 
of*the alkali metals well-defined isomoiflhous octahedral crystalliSe 
coijlpounds krtown as alums. These have the gone All formula** 
M,S0 4 .Mn,(?l0 4 ) r 2HI 2 0, M 2 S0 4 .Fe 2 (S0 4 ) 3 .2«I,0; 
and M t S0 4 .Cc» J (S0 4 ),.«HI 1 (). 

w • • 

* The main arguments in favour of this have recently been fiummarincd by Bichowskjr, 

J. Amer. Chem. foe., 1M8, 40 , 1040.. 

* Raff and Gereten./Jer., 1913,^6, 400. 

* Moissan, ^4nn. Chim. Phy*., 1880, 21 , 199. 

4 Moeser and Borck, Ber., Ii09, 42 , 4279.^ 

* Roieil, J. Amen Chem. 80 c., J£95, 17 , 700 ; Baschieri, Gazzetla, 190C, 3 ^ [ii], 
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Tim sulphides of divalent m,'Burmese', iron, cobalt, ami niik«l are alb 
precipitated in neutral solution by addition of ammonium sulphide; all 
flreansnhible in wafei* bill soluble in i^intignl acids. 

The carbnnalos, MnC0 5 , FrCO... Cot 0.„ anil NiCO.,, are kpown, jjnd 
tile guttural earbonales of manganese mil iron occur in very intimate 
association. , 

Nickel, on I lie other Jiand, bears a close similarity’to coppor. It 
docs not, like copper, yield wcll-dc(Kied monovalent salts, but the 
Jivalcnt salts of*! lie two metals arc similar. TJoth have a bluish or 
greenish colour, ivhiMi is enlmneed by the*addition of ammonia owing 
'.o the formation of complex ammoniates. Pickering 1 ljas drawn 
it trillion to ll«r fact that the colour intensity of organic salts of nickel 
decreases willi dilution in«n similar manner to Kjat of copper deriva¬ 
tives, The organic sails dissolve in caustic alkali to form compounds 
resembling those yielded by copper. In some cases jellies are produced, 
as with copper. For example, potassium nickclo-citratc yields, with 
potassium hydroxide, a permanent, dark green jelly. 

Comparative Study of Iron, Ruthenium, and Osmium 

Tl#principal characteristics of these meUIs are shown in the table 
on page "t It will be observed that their densities rise steadily with 
increased atomic weight, osmium in certain circumstances having a 
greater density* namely, 2 I-, than any other known substance. 

All I fires ipetals \ icld.dichloridcs aiy,l trichlorides and, in the ease 
of ruthenium and osmium, series of complex salts are known under the 
names of nilheno-ehlorides or ehior-nillieiiites, M.,ItuC'l 5 , and osino- 
ehlorides or ehlor-osmites, M.,0*>t'l B or Mt'I.M,Os('l 5 . 

Ruthenium and osmium also yield series of more highly chlorinate! 
‘sails known respectively as rhlor-riithcnates, MJluCI,,, and chlor- 
osmates, M 4 OsCI # . These are isomorphnus. Iron does not yield 
corresponding derivatives. It. is interesting to note, however, that 
'tuthenimn anti osmium rcsembltf iron in forming nitroso deriva¬ 
tives, For example. FeCF.NO, liuCI.,.NO.Il 2 0, and osiniainic-acid, 
OsNO.O.OIl, are now well known. < 

Considerably resembkufe may be traced between the oxides of 
iton, ruthenium, and osmium. Although it iy true that ruthenium 
Monoxide iue*not as yet with certainty been prepare^ whilst osmium 
monoxide is believed to exist and ferrous oxide is exceedingly well 
defined, yet all three metals yield a sesipiioxide of the type M 2 0 3 . 

Iron^dioxidc is not known in the free state, but it can exist in com¬ 
bination, ns witness such ferptes as barimp ferrite, linFeO ;) .‘ The 
dioxides of ruthenium. Itu() 2 , and osmium, ,0s0 2 , are known. The 
f#rmer is i,somorphous wills eassiterite, SnO a , and'rutile, Ti(y 2 ; .and 
combines with liases to form ruthenites, for example, bafium ruthenite, 
BalluO.,. , . 

Osmium dioxide is characterised by its remarkable power of forming 
’what jir#-eon\monlv knowif as osmvl derivatives of general formula 

m,(Oso 2 )x v ' * ” •• * 

Iron trioxide c;m only exist in combination ^witli bases, as, for 
example, in hariiyn ferrate, RaFcO,. Ruthenium does not yield, a 
separate trioxide either, althmigh^ts derivatives are better known than * 
1 Pickering, Trans. Clfem. Soe.,J9lB, 107. 94E. 1 
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the coriesponcGng iron ones. 'The iy-St known of these is jiobUKium 
ruthenate, K,Ru0 4 .tl 2 0. Osmium welds a hydra! ?d trioxide, Known 
as osmic.aeid, 1 0s0 2 .II 2 0^hr jIT.OsO,, the nuTst. important sal# of 
which is Hptassium osiflate, K.,(TsO",.211,0. 

Potassium per-ruthenate, K|jhi0 4 , is analogous to. but not isojpbr-' 
phous with, ]Mitassium permanganate. „ 

Ai» intcrestftig serjes of osinvl oxywlcrivatives is known, containing 
the radicle 0s0 3 , mur to wlik-A the general formula M 2 £Os0 3 )X 2 is 
given. • * ’* 

• Ruthenium and osmium arc unique in yH-ldiflg tetroxwes, llu0 4 
and Os0 4t rcspeetivel^; the former, a golden ydlow^nuiss, melting at 
25-5° C., and the latter a white crystalline substance of .111 exceedingly 
|x)isonous nature. ll#1h oxides are readily volatilised. Although these 
oxides are soluble in water they do not yield hydroxides, and seem 
incapable of acting like acidic oxides. This is remarkable in view of 
the acidic tendencies of the higher oxides of most metals. 

Iron combines with carbon monoxide to form three carbonyls, namely, 
Fc(CO) t ,Fc(('0) s nnd Fe 2 (CO)„. Ifulhcniuin vi< hlsadicarbonyl.l{u(CO) s , 
jjtlicn exposed at .'500° l’. to*earbon monoxide under a pressure of 100 
atmospheres. It thus resembles molybdenum, which forms MoR'OL, and 
which is situated in the sifmc horizontal series in the Periodie Tunic. 

Iron, ruthenium, and osmium yield complex cyanides in which ^he 
metal enters the negative radicle. These are known terpcctivfly as 
fcrro-eyanidcs, M 4 Fe(('X) n . rutlicno-eyunidcs. M 4 Kiic(('X) 6 , ai\fl osino- 
eyanides, M 4 0s(CN')„. Their walls exhibit «lose similiwity, and arc 
isomorphons. In addition to fcrmevanhh> iron yields a series of salts 
known as fcrricyanidcs of general fornmla .M.,Fc(l'X) G . and liitroso salts 
'termed liitrn-prnssidcs, M 2 Fc(('X'^NO. ‘This properly is not shared by 
ruthenium and osmium. I 11 older to facilitate the comparison of the 
'compounds of the three metals under discussion, their jnorc important 
derivatives arc given in the following table : 


Irqfi. 

Kul lipniuiu. 

• 

Osmium. 

Fell., 

liud. 

bsd 2 

•VCIj.NO 

ItllCI .NO. all.. 0 

r t 

Fed, 

• if ud., 

, OsCI, 

— 

MJiud, 

Md.MjWsdj 

— 

MTfud,; 

M.,OsCI 6 

FcO 

(K'lO) , 

bsO 

Fe«O s 

ltu.,0., 

()s 2 0 3 

(Fe0 2 ) 

Rub, 

-Wstv, • 

RaFeO, 

HaltiiO, 

• • • 

BaFeO. i 

K i RuO,.II.,0 

K 2 0s(> 4 .211,0 

_ 

ItuO, 

()s0, ' 

K 4 Vc(t'X), .311 2 0 

'_ . . m 

K 4 yu(('N),.ail..ft 

K l 0s(C*N) 6 fSH 4 0 


>, • • * 

1 Unfortuuvtuly the tetroxide* OsO*, is usually osmic acid.” 
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comparative •'study ot CDbalt, 'K^odium, and Iridium 

The principal characteristics of tliesr measure shown in the table 
• oif page 5. It will l>e observed thati their specific heats r fall t with 
risfc of atomic weight*, as is to Jie expeel id from Dulong and Bctit’s Law. 
Their densities increase with they atomic weights. • 

In many ways metallic cobalt rofccmbles ifon and nickel in its 
gjiysical propertiss. Iridium has frequently been compared to gold in 
virtue of its resistance to acids and general corroding media, but in ity 
colour and general physical properties its resemblance to cjold is not 
so marked ; in fact it is much more like platimnh. 

The more important simple derivatives of cobalt are divalent, the 
metal only yielding stable trivalent salts in conjunction with other 
metallic derivatives, as, for example, the cobalti-nitrites and cobalti- 
cyanides,orin the complex ammino derivatives. Rhodium and iridium 
function almost exclusively as trivalent metals in their salts. 

Cobalt yields a well-defined dichloride, CoCI.,, but its trichloride has 
not ns yet been isolated, although indications of its possible existence 
are not entirely wanting. The existence of rhodium dieldoride, on t h<? 
other Hand, is uncertain, but the trichloride, dlliCI,, is well known. It 
occurs iiv two varieties, one of which is anhydrous and insoluble in 
water'and aciijs. whilst the other form is hydrated and soluble. (Com¬ 
pare chrpmiunx) . 

Similarly iridium bichloride appear^.to be incapable of a separate 
existence, although it occurs in combination with certain other stable 
salts, us, for example, IrClJlC 2 SO ;i .tiNII|Cl.H!_,(). 

Iridium, like rhodium, also.forms a trichloride, IrCI.,. 

Although cobalt chloride can unite with other chlorides to form 
double salts, no well-defined series of such salts exists. Rhodium and 
iridium triclilofidcs yield hcxaehlor-rhoditcs and hexaehlor-iridites 
respectively, of genertu formula: M,RhCl, and M,IrC’l 4 . These are 
isomorphous, sand arc analogous‘in constitution to the licxachlor- 
osmites, MjO.sCl,. * * * 

Rhodium is unique ill forming a second seriesmf salts, namgly, the 
pcntacjilor-rliqditcs, of getiernl formula M 2 R1i(’ 1 s , in which respect it 
resembles ruthenium. 

* On the other hand, iridium yields a tetrachloride, IrCl 4 , and tliis, 
with chlorides of,the alkali metals, produces a series'of salts known as 
hcxachlor<rjridutes, ot> general formula M.,IrCI 6 , isomorphous with the 
analogous derivatives of osmium, ruthenium, palladium, and platinum. 
These form an interesting link diet ween these metals. < 

Cobalt monoxide is a well-defined chemical entity, but the existence 
•I m«noxidcs*of rhodium apd iridium has not as yet been satisfactorily 
dcmoivstrated. 411 three metals yield sesquioxidcs, of the type lt s 0 3 , 
and dioxides, of the type RO,. The last unliv'd exhibit weak acidic 
. tendencies in that they can unite with bases to form cobaltites, rhodites, 
and jrifiites respectively, analogous to the ferrites, ruthenites, and 
osmites mentioned in the previous section, ail'd exhibiting an Interesting 
relationship to tin;.chromites and manggnitgs. , ' 

Cobalt, rhodium, and iridium yield sitlphates of the type R^SOdj, 
and these combine with sulphsigs of the alkali metals to produce alums, 
bfthe generul formula M 4 S 0 4 . R jjS 0 4 ) 3 .2 b 1 f a O. Tlnjse are wet-defined 
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iystalliwe salts, isomorphous with The *bettcr known iron, n^nj'jmese, 
and aluminium aljuns. 

Cobalt .and rhodium yicldiKoifplcx molybdatesVfcich are ehemieaJly 
and«cryst#llographicalh’f analogous to the corresponding complex 
molybdates of aluminium, iron, Snd chromium. 1 r 

Cobalt fields an interesting* series id double* nitrites, the nullt 
important menfber of which is f'isclier’s snjt or potassium eobalti- 
nitritc, K 3 Co(N0 2 ) 6 .aiT„0. Rhodium shares this property, to a con¬ 
siderable extent., and tjie potassium salt, K ; ,l{h(N().,)„. may be Used fli 

analogous manner to Fischer's salt, namelt, in*tlie preparation of 
pure rhodium, and alsij for the (piantitative .cstimal ioffof that metal. 

Iridium, too, yields double nitrites, the potassium salt, K 2 Ir(N0 2 )„, 
in particular having l*en isolated. It is conceded, however, that the 
double nitrites of iridium are less important than those of the two 
preceding metals. 

Cobalt, like iron, yields complex cyanide derivatives known respec¬ 
tively as cobalto-cyanides, M 4 Co(('N),. and eobalti-evanides, M.,(b(CN) # . 
Of these, the latter alone are important. Rhodium and iridium in a 
sftnilar manner yield rhodiVyanides, M 3 Rh(CN),, and iridi-eyanides, 
MjIrfCN),. 

Cobalt, rhodium, and iridium are also characterised by their flower 
of yielding complex ammino derivatives, and in this mannerjesemble 
palladium and platinum. These derivatives are a rrnwiijcuhlc sciles of 
substances entirely distinct in most of their properties from t^ie more 
usual inorganic salts of the metals in question, and a*c dealt, with 
separately in Volume X of this Series. 

In order to assist in the direct comparison of the chief derivatives 
•of cobalt, rhodium, and iridium, life I ollmviu<r tabic has been compiled : 


•Cobalt. 

Rhodium. 

•Iridium. 

<*oCl 2 

(Cofl 3 ) 

• 

• 

lihti. 

lid, 



IrCl 4 

— 

M.,»hCl g 

W S IK 1 , 

_ 

* M.,Hhll. 


— 


iil.SrCl. 

CoO 

(llliO) 

(IrOj 

Cod), 

Rh., 0 , 

lr 2 O s 

. Co0 2 

lftd)., • . 

IrO. 

Co 2 (S0 4 ) 3 

• ltl' 2 (SO,).? 

Ir 2 (S0 4 )* 

• MoSOi.CodSO,),. 

*M 2 S0 4 .Uh..(S() 4 ) L . 

241*0 

M.,S0 4 ,lr.,(S() 4 l 1 . 

24H 2 0 

* 24II 2 0 

■M;,lr(-\ 0 .; ; r 


M,lth(N() 2 ), 

M 3 Co(CN) 6 41 

M 3 l(h(CN ) 0 

M,Ir(C ^ 6 

Ammino derivatives 

Ammino derivatives" 

Ammin<fdcriv*tives 

f 

• • 



1 See Btfcbicri, JtUi U’Accud. Liuai, 11*14, [v], 2 $, i, 334. 
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Comparative Study of Nickel, jPa^Jadium, and Platiiluin 

Examination of the table on page 5, \fluch gives tha principal 
physical data concerning these mqtals, reveals the fact that the 
densities rise but tfic speeifit beats fail with increasing atdmie weight. 
This latter Sbservation is quitl in Record wit^i Dulling and 'Petit’s 
L/nv. • 

. Metallic niekfl closely resembles cobaty both in its physical and its 
chemieurpropcrl^cs’and platinum exhibits many analogies to iridiuifj 
whilst rhodium also exhibits certain analogies to palladium. Eoi 
example, the two last-named metals are both converted into sulphate: 
on fusion with potassium hydrogen sulphate, wlS reas neither platinum 
nor iridium is affected by this treatment. On the other hand, palladium 
appears to stand apart somewhat in certain respects. Thus, it is 
unique in displacing mercury from its cyanide. Just as nickel resembles 
copper in many respects, so can an analogy be traced between palladium 
and silver, which latter is its adjoining element in the second long hori¬ 
zontal period in the Periodic Table. For example, on solidifying frofp 
the molten condition in an oxidising atmosphere palladium “spits” 
just like silver, yielding a hollow ingot. Platinum similarly resembles 
g< 0 d pi Hinny of its properties, to wit, its resistance to acid attack ; its 
solubility in aqua regia ; and its ready reduction from its salts. 

Palladium is characterised by a remarkable power of absorbing or 
occluding hydrogen. The actual vohufte of gas absorbed depends not 
merely upon the temperature, but upon the physical condition of the 
metal, and at ordinary temperatures ranges from about. 375 to S50 
volumes per unit volume of cihnpach palladium. Nickel and platinum" 
share this property, but to a very much smaller extent. 

Nickel behaves as a divalent element, and its dichloride. \i('l 2 , is a 
well-dctined salt, no 'higher chloride being known. Palladium is 
similar, but its dichloride, Pdl'lj,,.yields a series of double salts with 
the ohloridcs*'of the alkali metals. These have the genen 1 formula 
MjPdl'l.,, and are known as letrnehlor-palladites. PlatiiiMn resell hies 
palladium in this respect, platinum dichloride, l’tl’l*, and ehlor-platinitcs 
,uf the* type M 2 PtCl,|, being well known. Potassium chlor-patladite is 
jsomorphous with potassium ehlor-platinite. « • 

Palladiiiirt does not form staiile lugher chlorides, although the 
trichloride has keen obtained in solution and the tetraehlo-ide can 
exist in eomhinatioif, giving rise to a series of salts, namely, hexa- 
ehlor-piilladatcs, M ; Pd(’l„. These 'are analogous to, isomoiphous 
with, but not as stable its, the hcxaohlor-platinntcs, M 2 1’IC1„ 
which are better known, and which are derived I'rym platinic ehlorit(p, 
Ttti;, a \tcll-7lchiied and Sable salt. Similarly pentachlur-pallaflitcs, 
M a Pd(?l 5 , and |A'ntaehlor-platinites, M a PU'I s , are known. The t tri- 
ehloride-of platinum. 1’tClj, has also been isolated. The fact, however, 
that pqntaelilor-palladites .and hexachlor-palladates can exist at all, 
whilst nickel yields no such compounds, affords an .intersstihg link 
between palladium and platinum, and further justeties the inter¬ 
mediate position tff palladium between nickel and platinum in the triad 
under discussion. • » 

, . It is* interesting to eomplfce these ehlor-palladates and clilor- 
pfatimitcs with the corresponding derivatives of iridium andtwm!.™ 
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•pith w hi Jr they are isomorphflus. *£nd it is wortjiv of hete ,t#iat 
the chlor-platinntes are isoiliornhowsf with the chlor-stannateS. 
MjSnCl,. , ‘ ' 

' K|£ctrol£sis of platinft? ♦hloridc solution shows that the platinum irf 
presentjn the complex anion, and iVt ip th<‘ cation, as would be expected^ 
In this respect the metal resemblesVgold , 2 sir,re electrolysis of AuC1 3 .H s U 
yields t% similar conclusions. , » • 

Nickel, palladium, aiftl platimirti yield monoxides and dioxides; the 
dioxides of nickel and,platinum exhibit feebly acidic tendencies as, 
manifested by the" existence of such compounds as" barium mckelite, 
1}a0.2Xi0 2 „and potassium platitude, K s Pt0 3 .8H 2 0 *rr K a Pl(OH),. 
This latter substance is isomorphous with potassium stannate, 
KjSnOj.SlfjO. and tl..ls affords another interesting link between 
platinum and tin. 

.Nickel nitrite can unite with the nitrites of certain other metals to 
yield triple salts resembling in appearance, though not in constitution, 
the eobalti nitrites. The triple salt, 2 KNO,.( a(X() 2 ),. 2.\i(N0 2 ) 2 , is a 
ease in point, being insoluble in water and having a yellow colour 
closely similar to that of Fisehfrs salt. 

Roth palladium and platinum, particularly the latter, yield regular 
series of complex nitrites in tvliieh the metal enters the negative nuncio. 
These are known respectively as pallado-nilrites, M„Pd(N0A 4 , nntl 
platino-nitrites, M 2 Pt(X0 2 ) 4 . ’ , 

Nickel yields a tetraearbonyl when, in a finely diviihd eondit'on, it 
is warmed in a current of carbon tuonoxide. Ho4h palladium black and 
platinum black absorb carbon monoxide, yielding what appears to be 
a compound, although attempts to isolate the substance have not as 
y«t proved successful. On heating (41 250 ’ the substances decompose, 
evolving carbon monoxide. 

Nickel evanide combines with potassium cyanide to form potassium 


Nickel. 

• 

Palladium. 

l'latituin. 

• 

NiCI,; — 

lMCl,: M 2 1M*C1 4 

* PtCljj; M 2 PlCI 4 . 

— 

IM('l..t'0 

PHI.,.CO 

- - 

* l’dt lj; MJMCIj 

PHI.,; •HjPlClj 

-.- 

- •M 2 1M(‘I, 

PlCL; MjPlCI, 

NiO; NiS0 4 

1’dO; IMSOj 

. PtO; 

Ni,0 4 

• • 

I’'a0 4 . 

• ! -, 


Pt 2 o ;1 

NiO a *; — 

,* PdO,; - * 

Pt0 2 ; Pt(.S0 4 ) 2 - . 

Ni(XO*) s ; M 4 Ni(X0 2 ), 

- M 2 IM(N0 2 ) 4 * 

Pt» 3 . v 
- l^PtCNO,!*/ 

NV; NiK’O), 

• 

„ - - 

Ni(CN),; M 2 Xi(t'X), 

PdfCN).; .MjPd(CN), 

Pt(CN) i ; M,Pt(fN) 4 



Pt(CX) 2 ; HfPl((.'N) i 

Ammonia tea * 

Anunoniates 

Am mines 

* 

* • 

• 


1 l^i« analogy lifts been studied by Beliucci and,Jjarrnvano, Alti H. Accld^Lincei, 
•1804, fv], 13, ii, 307. ' ‘ 

r * Hittorf fid Salkowaki, Zeitich. rfiftilal. Cfam., lbtlfl, 28, S46. 
vot. ix : i • 






i8 COBALT, NICKEL, AND ELEMENTS OF ( PLATINUM < GROUP 

nicl»lo-<tynnidc,JKjNi(CN) 4 . tythougli in solution tlte ion Ni(CN)/4£ 
present, the compound is uifctable, 'icing readily decomposed by 
oxidising agents *meh as sodium h;Jpo\romite, with deposition of a 
^ilaek hydrated oxide of nickel. * * . _ 

^ Palladium andnlatinuin likewise field pallado-cyanides, Mj,Iid(CN) 4 , 
and plat inn-cyanides, M 2 PtfL'N) 4 , winch arc isomorphous.* 

Nickel s’!ill 1 readily rombiir witluammonia to foriTi ammonjates, as, 
for exanfyle, the liexammoniates or nickel elllorido, NiCI 2 . 0 NIT 3 , and 
sulphate, NiS()*.<lNII 3 . Palladium saltj act similarly. 

Phitfimm si^fs yieffl complex ammino derivatives resembling these ‘ 
of cobalt. These are entirely distinct from tjic more usijal inorganic! 
salts of t best! metals, and are dealt with in Volume X of this Scries. 


For the sake of easy comparison, a few of the more important 
compounds of nickel, palladium, and platinum are given in the table 
on page 17. 



C'HAI'TKH II 

COBALT AND >TS COMPOUNDS 

COHALT 

» 

Symbol, Co. Atomic weight. Sti ll* (O -- Wi) 



Occurrence.- Cobalt very seldom occurs lice in nature. It is found 
alloyed with iron in nuieorites, but only in small <|Uantity. The ores 
of cobalt arc not widely distributed like those of iron, and this is 
a serious handicap in the commereial development of the metal. 
The more important ores are as follow : cobaltitc, cobalt glance, or 
bright white cobalt, CoAsS, found in Sweden. II crystallises in cubes, 
octahedra, and pvritohedra; hardness 5-5; density li t!. It is silver- 
white in colour and has a metallic lustre. Ulaacodotc has a similar 
chemical composition, but contains iron as well. Formula, (Fc('o)^sS ; 
crystal form, orthorhombic. Smaltilc, CoAs ; , occur,s in Saxony 'and 
Bohemia, and crystallises in cubes and cubo-octahcdru ; hardness fl-5< 
density (i-2. It forms isomorphous mixtures with the corresponding 
arsenide of nickel, NiAs.„ known as chloanthilc, different s|)eeimens 
containing varying amounts of flic two metal* as well as, not infre- 
. qucntly, iron and sulphur. Another diursmidc of cobalt occurs in 
nature as the mineral sajjlnritc, Co.\s 2 , and contains iron. It crystallises 
i* the orthorhombic system. Skuttcruditc, a Norwegian mineral 
crystallising in octahedra, is the triarsenide, CoAs.,. 

A fairly common mineral is the ortho-arsenate, Co.LAsO^j.811,0, 
known as erythrite, or cobalt bloom. It is crimsem hi colour and iso¬ 
morphous with vivianite (ferrous phosphate). Other minerals arc 
aMan, eart/iy cobalt, or wad, (CoMu)0.2.\InO... 41LO ; add lianwile, 
•(CoN’iF.-) r S 4 . 'tfhe former contains anything from 2 to 20 per cent, 
of cobalt, and is louiTd in New Caledonia ajid in Spain. liisnnda- 
smaltitc, Co(AsBi) 3 . Carrolliic, Co,CuS,. ll'ill/juiiiitc, NiCo.Sh,.S,, 
Jaipv.ritc, CoS. • 

Cobalt District, Ontario, Canada, contains the most inTptirtant ores 
of cobalt in the form of arsenides, associated with nickel and silver, 
the last-named metal rendering the ores very vahufblc. Theif cobalt 
content ranges from 9 to Ik per cent? • • 

The presence of cobalt in»the sun’s photosphere has been determined 
spectroscopically. 1 • 

f'oi'thc sake of convenient reference, II* foregoing nTinetals &rc 
given in the tabic on page 20, together with their more impcrtifnt 
physical constants. • 

History.—The word cobalt is the same as the Herman h^ilndil, and 
Greek *d,%Xo(, a gporne or malicious sprite, and is akin to the’ word 
goblin. Kobold was applied to a mineral associated with silver ores in 
Saxony, the name bentg given Jjy the miners becaus# they regarded 
the ore as poisonous (Skeat). Up to 1540 the mineral was regarded 
.,< limbless, but Scheurcr found that it ifoTild colour glass, and that. 

J fLockyer, CjtjApl. rend., 1878, 86, 317. 



20 COBALT, NICKEL, AND ELEMENTS OP PLATINUM £ROUP 

_ t _•_. • , ( 


“ 7r T-r—- 




A - 
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• 

t Mineral. $ 

• 

\ 


Hardness 

Crystallo- 

Chemical composition* 

^jjolour. 

Density 

(Moh*’ 

graphic 

\ _ 

( 



scale)* 

system. 

. 1 



r 


Asbolan or asbolite . * 

1 

Sol Wad ( 



* 

* 

BieWito o* cobalt 

.pu80 4 .71t a 0 . 

Flesh- 

19 


__ 

vitriol # 


colour / 



' Bismuto-cobaltito . 

Co(AsBi) a 

Co/hiS 4 

_ 


_ 


Carroliite 

Steel-grey 

4-8 j 

56 


Cobalt Inborn . *. 

• Sec Erytlirito 




Cobalt glance . 0 . 

Soo Cobaltito 





Cobaltito f 

CoAsS 

Silver- • 
white 

6-2 

5-.T 

Cubic 

Earthy cobalt 

•Sec Wnd 





Hrythrito or cry t brine 

Co^AsOPj.SH.O 

Crimson 

205 

1-5 2-3 


Glaueodoto 

(l'VCo)AsK 

Tin-white 

505 

5 

Rhombic 

.Taipurito or Sye- 

CoS 

Crey 

545 


poo rite 

Linmeito 

(CoNiFe),S 4 

5-5 

4-S-5 



Safllorito 

CoAs s 

Tin-white 

00—7-3 

4-5-5 


Skuttcrudito . 

CoAh 3 

« 

0-7 

(J 


Smaltitc. 

CoAsj 


(i-2 

5-5 


Wwl 

« 

(CoMn)0,2MuO a . 4H.0 

HI auk or 
blue-black 

0-5 <i 

3 4-3 

Amorphous 


^jtvc it u coihmcrcial value. In 1730 llrandt first | >re | sired a speeinicii 
ol impure ftielallic eolvalt, its identity being confirmed by Herrmann 
in 1790, and again by Tastaert in 1799. The real study ol' I he chemistry, 
of cobalt compounds dates back to the researches of Thenard (1802) 1 
and of Proust (1S00). 2 • , r 

Preparation of Cobalt. —The metallurgy of cobalt is complicated by 
the fact that,cobalt ores invariably contain a certain amount of nickel. 
Since these two metals closely resemble one another in their chemical 
properties it will be evident thyt their complete separation on a com¬ 
mercial scale is a matter of considerable dillicully. It i^ not usually 
required, however. 1 lie details ot the actual methods omployo.l in the 
commercial production of cobalt arc kept fairly sVeret, more particularly 
as regards the initial stages of the preparation of the crude oxide. We 
shall, therefore, content ourselves by giving ici outline accounts of.a few 
different methods that may be employed. It is convenient to discus/ 
the subject, in'three sections, namely : 

, I- Preparation of cobalt oxide from cobalt ores. 

II. Purification of coba't oxide. 

III. Preparation of metallic cobalt frdm its oxide. 

A t t 

I., Preparation of Cobalt (h ide from Cobalt Ores. 

(«) Arsenical Ores. Wohler’s method consists in fusing tire finely 
divided arsenical ores such as smaltitc. skutteruditc, anti cobaltite with 
three parts by weight of potassium carbonate and three of sulphur. An 
impure cobalt sulphide results, together with a sulpho-nrsenate of 
potassium, which latter is readily extracted with water. The insoluble 
residue .is again treated in the same manner, and the resulting cobalt 

1 TMnard, Arih. Chim. 1‘hyt., 1802, [i], 42 , 210. * 

’roust, ibid., 1806, [i], 6c 200. 
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■■Sulphide, filter extraction with water,* j<f free from arsenic, 1 bftt it ?till 
contains nickel, iron, lead, copier, and bismuth in the form of sulphides. 
Prolonged roasting in air or t/atjnent with nitric aetd converts all the 
metnjjj into.their sulplidti*, in ssjjiich condition they arc dissolved 
water. .Passage of hydrogen sulphide through the geidulated solutro# 
precipitates the lead, copper, am} l>isinuth*as insoluble sulphides, and 
the solution eouKiining iron, niek^j,anda’obalt is filtered off. Addition 
of nitric acid and calcltnn carbonate at the boiling-point dffeets the 
oxidation and precipitation of^the iron in a basic condifion leaving the* 
sulphates of cobalt and nickel in solution. 

Liebig's .procedure s consists in heating the finely'divided ore to 
redness with potassium hydrogen sulphate until fumes cease to be 
evolved. On cooling. flic mass contains a soluble double sulphate of 
cobalt and potassium, which can be extracted with water, leaving a 
residue containing insoluble compounds, mainly oxides and arsenic 
derivatives of iron, nickel, and some cobalt. 3 

It is doubtful if these methods have ever been employed for manu¬ 
facturing purposes. European arsenical cobalt ores have been worked 
fo*cobalt oxide bv a process sunilar to that described later (see p. 86) 
for working up arsenical nickel ores. Moreover, a certain amount of 
cobalt oxide is also derived*from the arsenical nickel ores, since these 
usually contain appreciable quantities of cobalt. * , • 

The European arsenical ores have now been largely displaced by 
those from Cobalt District, Ontario, which have been worked for some 
years by the Canadian Coppet* Company, who have employed the 
following process 1 : • 

The ore is crushed and ground in ball mills to pass through a 30-mesh 
.sieve. It. is mixed with suitable Jinxes •(limestone and quartz) and 
smelted in small blast-furnaces having a capacity of 25 to 30 tons 
per twenty-four hours. The products obtained are (i) llqe dust, which 
is returned to the furnaces, and crude arscnioiis. oxide, which is rc- 
sublimed and sold; (ii) a silicate slag, which is thrown away unless it 
contains mq|e than 10 ounces of silver per ton; ^iii) crude stiver bullion, 
which >. mcclfinically detached and cupelled to a fineness of 99* before 
it is sold to silver refiners; and (iv) a speiss o£cobalt, nickel, iron, and 
copper arsenides, containing considerable amounts of silver. The <*rude 
silvc bullion contains about three-fourths of the silver present in the ore. 

The speiss is crushed and ground with 20 per een*t .* of sodium 
chloride till it passes a 30-mcsh sieve, and then roasted ifi reverberatory 
furnaces. The chloridised product is extracted wifti water to remove 
unchanged salt and soluble compoifnds of* cobalt, nickel, and cfljjper. 
The coifper is removed from the liquor by treatment with scrap-iron, 
and the cobalt and nickel ore then precipitated with caustic soda, and 
the*precipitate washed, dried, calcined, and ground. It eontaitis about 
40 per cent, of robalt to 3 per cent, of nickel, since Hie latter l? not 
attacked so readily as thfc former in chloridising the speiss; the mixed 
oxides also contain about 15 ounces of silver per ton. • 

1 See \fohl.r, Pogg. Annalen, 18211, 5, 227 ; Dufloa, Srhrrn'ggcr’s J., 1830, 6o, 355. 

* Liebig, Pogg. Amnair.n, 1S30, 18 , IH4. 

* Other methods havo Byn suggested, chief among which are tltnae of Trommsdorff, 
Ann. Ckim. Phya., 1798, 26 , 89;. 1805, $4, 327 ; Qucsnoville, J. Hharm. t ’hint.. 1829, 
15 .211,411 ; Lonyet, J.pridt. Chm., 1849, 46 , ‘Hi* Patera, tiirf.,1858, 67 , 21 ; J)e Witt, 
ibid., 1857, 71, 239. 

* . Bridge^ Canadian Mining J., Jpt uarv 15, 1010 ; Kng. Mining J ., 1916, irb.646. 
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*Wio residue from the chloritfscd sneiss, after extraetioncof soluble 
cobalt and nickel .salts, is cxtractedV with sodium thiosulphate, to 
dissolve out silver chloride, which Is recovered as the sulpiride and 
reduced to metal. The residue is I'lricd, ‘grbund, and smelted with 
tjharU to remove, niosl of the iron‘is a slag. This slag is reworked 
with more ore in the blnsf-furnnrc.4 as it contains silver and cobalt.' 
The new speiss simultidieouslji produced is treated as described above 
for recovhring cobalt and nickel, copper, and (silver. The final residue 
is dried, mixcd'wiUi '20 per cent, of sodynn nitrate and 10 per cent, of 
sodium ^arbonyfe, and roasted in reverberatory furnace to convert the 
irsenie into sodium arsenate, which is extracted with hot water. The 
tried residue has the following average composition : 

• ’ 

Cobalt.30-7 per cent. 

Nickel.28-5 

Arsenic.l-l „ 

Silver ...... 3 LG oz. per ton 

and is sold to cobalt and nickel refiners. Between December 1905 and 
February 1013, it is stated 1 that more than 

■10,000,000 ounces of silver, 1 
2,200,000 pounds of cobalt., 

1,500,000 pounds of nickel, 

'1,500,000 pounds of pure white arsenic (As a O a ), 

were produced by the foregoing method. 

(6) Oxiih- Orex— Herfieiisehniidl’s method 2 is said to consist in 
mixing the powdered mineral (-<■«</) to a thin paste with ferrous sulphate 
solution, and heating to boiling. Sulphates of cobalt, nickel, and 
manganese puss into solution, whilst iron oxide, silica, and alumina 
remain behind as an insoluble residue. Thus : 

2FcS() 4 T Mn0 2 |- CoO ■ Kc.,O a -| MnS0 4 + CoS0 4 , 
v 2FeSO, + Co„()J ■ FejOj + 2CoS0 4 . 

After filtration, addition of sodium sulphide to thn clear Solution 
effects the preeipitatiop-of the' three metals, cobalt, nickel, and manga¬ 
nese, ns sulphides. Digestion with the calculated quantity of ferric 
chloride oxidises the manganese sulphide to sulphate, which passes into 
solution. The residue consists of cobalt and nickel sulphides, which 
are washed and converted into their soluble sulphates by roasting. 
The sulphates are extracted with water, and converted into chlorides 
by Addition of calcium qhloride solution. Their separation is effected 
as follows : The requisite fraction of the chloride solution is precipitated 
wi,th milk,of lime, and the insoluble hydroxides of nickel and cobalt 
tluis obtained are oxidised to the black hydroxides by treatment with 
chlorine. The washed precipitate is then introduced into the remainder 
of the chloride solution and the whole is well stirred and heated, when 
the black'hydrated oxide of nickel passes into solution, displacing the 
refnainder of the cobalt from the solution into the precipitate. The 
final product is thus a suspension of hydrated peroxide of cobalt in a 
solution of nickel chloride, from which the cobalt precipitate is removed 
by filtration, hashed, and .ignited to the blnck oxide. 

1 Bridges, lor. cit. 

t J I\‘8crihod by Copaux, Traits dt Chimie MinSralc, by MoiMan, 19C£, vob IV, 
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II. Purification cfidoball Oxide 

Cobalt oxide obtained byjmt, foregoing mefhdtls always contain? a 
little oxide of niekel besides small amounts of oilier impurities. Tbfc 
following irtialyses of two Canadisn samples of the commercial oxid^ 1 
will serve to illRtrate this point. 

Co. ’ Xi. . 1-V. S.‘ As. SiO, 

010 0-20 


(.'it. Ag* 


( 1 ) 

( 2 ) 


70-30 

09-2 


112 0-S2 045 
14 *0-50 *0-54 


Insoluble 
josidue. 

0*50 — — 

0 07 trace 4*46 


Since nigkcl and cobalt closely resemble one another in their general 
properties, it is, as already stated, generally unnecessary for commercial 
pur|X)ses to effect a complete separation of-the two metals. Should 
such be necessary, however, to obtain a purer oxide of cobalt than the 
ordinary commereial grade, several methods may be adopted. 

The crude oxide is dissolved in hydrochloric acid. 'To the warm 
liquor finely divided calcium carbonate is added gradually, with stirring, 
until no further precipitate is obtained. The precipitate being removed 
bjj filtration, the solution is Tree from iron, arsenic, and silica. The 
solution is then precipitated with a solution of bleaching pooler, 2 
added slowly with constant stirring until almost the whole of the 
cobalt is precipitated as black hydrated oxide, lly this mean! practi¬ 
cally none of the niekel is thrown down. The precipitate is washed, 
dried, and calcined to oxide. It is then boiled with sodium carbonate 
solution to convert any ealeiufli sulphate info carbonate, and after 
thorough washing, is treated with very dilute hydrochloric acid to 
remove the calcium carbonate. Finally the oxide is washed, dried, and 
.calcined, • * 

By treating a crude oxide of composition (1) above in this maimer, 
the product had the following composition 1 : , 

Co. Xi. Ft*. S. As. *. Ca. Sit),. 

71-99 0-041 0-11 0-0! none 0 02 , none 

, It wilt be observed that practically the whole of the niekel may be 
removed by this simple process. * 

When it is necessary to remove the nickel Completely, the following 
processes are available : . 


(1) The preparation of cohalt t ehloropenlammine chlorine, 



from solutions of cobalt salts containing nickel has been adopted as a 
useful commercial method nf isolating the cobalt. 3 It is a crystalline salt, 
rcdshsfc violet in colotir. nearly insoluble ing-onccntrnted flydvoelilbric 
acid, and Is readily obtained by adding 8 parts of concentrated aqWbus 
ammonia,'containing u little ammonium chloride, to 4 parts of crystal¬ 
lised cobalt chloride dissolved in n small quantity of wjter. After 
aspirating air through for < scvyral hours and then exposing'to-air 

1 Kslrnus. J\ M'Enq.'Chtm., 10U, 6, 107. , 

1 Wheg fractional precipitation Vith & hypochlorite in lined, and the solution contains 
sulphate in quantity, sodium hypochlorite should be employed. * 

Boerenscn, Ztittch. anorg. Chetn., 1893, 5, .I/ 1 *;' Opaux, Ann. Chim. Phto., 1905. 
fviiH. 6. 508. 
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forVqyo to throe jlays the mixtmjp assumes a red tint,''whereupon it iw„ 
acidified with hydrochloric acids and d voluminous precipitate of the 
ixfoaltaniminc is obtained. This is wfasWl with aqueous hydrochloric 
licid, and may he worked up into ant desirad cobalt salt. 'Any nickel 
iJk-sciit in the original solution rcmaiifc unaltered, a complete separation 
if the two metals Bring than effected^ t 

(it) Cobalt chloride readily i^issolvos in ether saturated with hydrogen 
chloride, yielding a blue solution. Nickel elilc/tide, on the contrary, is 
jhsolulile, being ]>reci[)itated as the yellow',, anhydrous salt. The 
srpnrat inn of nickel from cobalt chloride may thus be effected as follow?,: 

A kilogrnm r of crystallised cobalt chloride, already freed from' 
metals other*than nickel, is dissolved in IGOOf grams of concentrated 
hydrochloric acid and poured into 0 litres d," ether saturated with 
hydrogen chloride. After filtration the ether is evaporated off, leaving 
a residue of cobalt chloride. 1 

(•'») Fischer's Xitrite Process hinges on the fact that when potassium 
nitrite is added in excess to a solution of a cobalt, salt containing tree 
acetic acid, a yellow precipitate of potassium eobalti-nitrite is obtained. 
Nickel does not yield an insoluble salt finder these conditions, and.an 
effective separation of the two metals may thus be made.- ' 

ft) Monil's Process. A very complete'separation of nickel from 
cpbalt may be effected by reducing to the metallic condition and 
removing tin; nickel in the form of volatile nickel carbonyl by heating 
in a qurrent'of.enrbon monoxide . 3 Cobalt does not yield a carbonyl 
under the same conditions. 


III. Preparation of Metallic Cobalt from its Oxide. 

Commercial oxide of cobalt, as obtained from the smelters, consists 
essentially of^obalto-cobaltie oxide, Co a 0 4 , and a careful study has 
been made by Kalmus 4 of the conditions under which this oxide may 
be reduced to metallic cobalt. ( 

(1) lteditction of the. Oxide Kith Carbon. —15v heating cobylto-cobnltic 
oxide with carbon in a' furnace reduction ensues, carhop monnuidc or 
dioxide or a mixture of the two being evolved according to circumstances. 
Thus: ' 

Co.,0, -i t( = liCo ■ ACO 
‘ Co/) 4 -I 4CO 3Co + 4CO r 

i 

Charcoal and lampUack effect the reduction more easily than anthracite, 
complete reduction being effected, with the former at. 900° C., some 
20 to 1)0 per cent, of charcoal in excess of,that required in tlve above 
equation being desirable. At higher temperatures the reduction pro¬ 
ceeds much more rapidly. By briquetting the- charcoal andncobalt 
oxide, using some organic material, such as molasses, as binder, reduc¬ 
tion may be effected at a slightly lower temperature. « 

In the commercial prpduetion of cobalt the oxide is usually heated 
with charcoal in the manner described,for nickel. 

1 Pinerua, Compt. remt., 1897, 124 , 802. 

* Sec p. 00. ’ * *' 

1 Details of Monti's process given on pp. 87-88. „ 

* Knlmui, Condition Drmrtmcnntf Mints, Ottawa. 1913, Report 259; J. Ini! Jinn, , 

'C»fm.,.l914, 6, 107. J ° 
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(2) Reduction of the Oride u'ifh Hydrogen .—This Jtcgins ret lilf 1 tc 

200° C., and proceeds easily A 250“ A'. 1 Between 500“ and 700° C 
more than' 90 per eent. of thr okidc is reduced in tt few minutes, Bui 
further reduction is slow. As (he teni|)crature rises the reductiof 
becomes more rapid and complete, whilst at 1100 C. it is raping 
completed. The cobalt must Le cooled "in hydrogen as it is very 
suscepyblc to oxidation. For Ine production of a pure? earbon-frec 
metal this method is n%ommcnded.* • , 

(3) Reduction of th( Oride -with Carlton Monoridf. — Heduetion <ii 
Qpbalto-cobaltie oxide to the metal takes plat*.- rapidly, amt is quite 
complete aj 900° C. Between 350“ and 150 C. the reaction is very 
interesting. At first some oxide is reduced to metallic hohalt; after 
a time the finely divided metal decomposes the carbon monoxide, 
depositing solid carbon, presumably in the same way ns its analogue, 
iron, namely : 

Co -) 2CO ■- Co | C | CO,. 

At about 000° C. the eobalto-cobaltie oxide is reduced to eobaltous 
sxidc. Co(), and if this is removed from the furnace and exposed to the 
a : r it becomes incandescent in consequence of re-oxidation to the liigher 
oxide: • 

OCoO | O, r: 2( 0,0,. 

(t) Reduction of the Oxide with Aluminium.— This “is known as 
Goldschmidt’ttprorr-w, and hinges upon the fact that the neat of foiTnation 
of aluminium oxide is 392-0 kiTogram calorie?, 3 which is higher than 
that of mostother metallic oxides 4 in other Bords, aluminium is capable 
of reducing such oxides to t he free metal Ijy reason of it s greater avidity 
tir attraction for their oxygen. 6 ‘The heat of formation of Co.,0, is 
193-t cals. Now to reduce three molecules of eobalto-cobaltie oxide to 
metal requires 3 x 193-4 580-2 cals. Thus: 

3Co., 0 4 - 9Co -j GO, — 580-2 cals. . . . (i) 

By oxidising 8 atoms of aluminium to t molecules of oxide, 4 x 392-0 
—■ 1579-1 eal% are liberated. Thus: * 

8A 1*4- GO, = 4AI/).,-I- 157(*- V cals. . (ii) 

Combining equations (i) and (ii) we have: 

3Co 3 0 4 -f 8AI - 9Co 4 4AI,0, ] 990-2 cals*. • 

In other words, the reaction is strongly exothermie'and, when once 
started with an ignition powder such as a fuse of linelt divided aluminium 
and potassium chlorate wrapped in* paper-(lyalmus), will procccff very 
vigorotftlv to completion. •Tilt metal nnfy be produced in this way in 
a very pure form containing less than 0-1 per eent. of aluminium -md, 
of course, entirely free from carbon. 

Preparation of Cobalt by Electrolytic Methods. 

Cobalt may be obtained by the electrolysis of nqn,„us mhumis or 
cobalt sulphate containing ammonium sulphate and hydroxide, using 
a platinum cathode and anode. • 

1 Moiasun, Ann. fthim.tPhi/s., 1§H0, 2} ) 242. 

4 Kalmus, toe. eft. * ' 

3 «For notes on thermochemistry see this Series, till. 1, 2nd rd., 1917, p. 1CJ. 

4 “Per equivalent of oxygen. , 

4 This isitho principle of the rractjpns with thermite. See this Series. VoLiy,j».69. 
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Cn preparing a specimen of itip purti metal for atomic weight deteK' 

ruinations, Winkler found the Mlowinglsolution useful: 

a < '* V 

100 e.e. eofnilt sulphate solution, containing 11-02 grams of 
eohall per litre, ( 

30 grams amvooniiini Ijydroxidc.of densitv 0-905, 

500 e.e. water, 

« 

employing a current density of 0-0 amperes. 

' The metal obtained in this way contains a ginall quantity of oxide, 
hut. Ihis«muy lie reduced by heating in a current of hydrogen gas. 1 < 
Preparation* of Cobalt in the Laboratory. —For laboratory pur¬ 
poses cobalt. 4 may readily be obtained by reduction of its oxides by 
hydrogen at temperatures above 250° C. ; by Heating the chloride 2 or 
purpureo salt * to redness in a current, of the same gas ; and by calcining 
the oxalate either in a closed vessel or in an atmosphere of hydrogen. 4 
This third method invariably yields a slightly carburised metal. Cobalt 
may be obtained in the wet way by precipitation from faintly acid 
solutions of its salts by metallic magnesium, as also from ammoniaeal 
solutions with metallic zinc. 6 ” <■ 

Fleet roly lie reduction of the double cobalt ammonium sulpliate ,r in 
the presence of ammonium hydroxide, or of the double oxalate in the 
Presence of excess of ammonium oxalate, yields a very pure metal. 

Pyrophoric Cobalt was described by Magnus in 1825, 7 who pre¬ 
pared jt. by reduction of its oxides in a current of hydrogen. The best 
temperature of reduction 8 appears hr be 250° C. If the reduction is 
effected at 700" (’. the cobalt is not pyrophoric. Pyrophoric cobalt is 
a black powder, which burns brilliantly when exposed to the air in 
consequence of rapid oxidation. , »i 

Physical Properties. -Cobalt is a silver-white metal which, when 
pure, may lie machined in a lathe as readily as pure nickel or pure 
iron. The commercial metal, containing small percentages‘of carbon, 
machines after the manner of mjld steel. When under corresponding 
conditions cobalt is harder than nickel and iron. 9 The effegt of carbon 
between 0-0(1 and 0-:t7 ’per cent, is not sullieient to cou*teract<hat of 
slight variations in the'heat t rrtitment. The tefisile strength of cobalt 
wIicr pure, east, and unannealcd is 31,TOO lb. per square inch, which 
value is increased to 59,700 lb. with a carbon content of 0-0C2 per cent.; 
and to lit ,900 lb. when the carbon reaches 0-25 per cent. v 

The speciii* electric resistance of cobalt wires of great purity is 
89-01 x '10 7 olims'per era. cube, but this value increases enormously by 
the addition of small quantities of impurities. 

1 Winkler, ZeiUteh. anarg Chem* 1895, 8 , I. Sec also Becquerel, Compt. rend., 1862, 
55 , 18: huisli.iwlnm. il.id., 187t, 73 , 1822; Mansfctd, Zeiferh. anal. Chen., 1877,. 16 , 
344? Woltl, itid.. I87U, 18 , 523 jt-Ficsonius and Bergmnnn, ibid., 1SSU, 19 ,314 : Sblilueht, 
tti*, t 1883. 22 , 4118,, 

* I’cligot, Compt. rend., 1844, 19 , 1)70. 

3 Sharswnod, Monit. Orient., 18511, 2 , 889. 

4 Deville ,t 1 11 a. Cbiin. Phye., 1850, 46 , 202. 

*. Koiisain, Pharm. Chem., 18B6, 3 , 413 ; J. L„ Daria, Chem. S'cue, 1874, 30 , 292 i 
Chem. 80 c., 1875, 28 , 311. , 

4 St-o p. 34. > 

7 Magnus, Pogg. Annaten. 1825, 3 , 31; Ann. Chiu. Phye., 1825, [it], 30 , 103. 

* Moissan, Ann . 1 Ckim. Phye., J,880, 21 , 242. * ' * 

* SecMloMone, Chem. Xetee, 1878727 , 215 ; Kalnius and Harper, Canadian Depart - 
d of Mine*. Report 309, Ottawa, 1914 : J. Ind. End. Chem.. 1915. n a 
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Cobalt is magnetic at all Jbmpcjptures up to (^)out 1150°,Cl, at 
which point it becomes non-AiignetL. 1 When placed in a magnetic 
field a bar of cobalt inereasesmi length,® and it is interesting to nothin 
this Qfnncejfion that this rflagnctif elongation for both east and annealed 1 
cobalt becomes praetienllv nil between 1100 and 1200 “ C. 3 * 

The density of pure cobalt amtaiuing*00• !> per’cent, of the mertd 
and a *ruee of iron, but no uieki| or eiylion, is given as follows 4 : 


Condition of metal. 

Z- • • 

• 

0 Density. _ 

• 

® • 


Cast from just above the melting-point (e. 


1500° C.) . . . . . 

8-7502 at 15° C. 

Cast, and swaged down to a thin cylindrical bar 

8-9227 at 19° C. 

Cast and annealed from 700° C. 

8-8105 at 14-5° C. 


From the foregoing it is evident that the mechanical history of the 
ng'tal lias an important influence upon its density, as is usually the ease. 

The density of pure electrolytic cobalt foil is given by Winkle** as 
7-0078 at 20“ * ’ 

The coefficient of linear expansion of cobalt is given by tlif expres¬ 
sion : * 

a 0 00001208 (-0-000,000,0128/ 


between 0° and 121“ C. 7 

The melting-point of cobalt has been determined bv a considerable 
number of investigators, the most reliable results being ns follow 8 : 



• 

1478 + A -l Kalmus and Harper, opus cil^ " 

1477, 1471? Uurjjessaud Waltcnb^rg. Unreau Standard.*, Washing¬ 
ton, 1913,^0, 13 ; 1912 % 475. 

1404 llurgess, ibid., 1907, 3, 350. * , 

1490 Day anti Sosman. .liner. ./. Sci.. 1910, 93. Con¬ 

stant. volume nitrogen thermometer. 

1491 lluer and Kaneko, Ferritin, 1913, 11,^13. 

• • 


1 Guiltier and Tammann, Zqtsch. anorg. Chet%.. 1004, 45 , 353. 

* Barrett, Chem. News, 1870. 33 , 200 ; Phil. Mag., 1874, [iv|, 47 , 51 ; Nature, 1882, 

26 f 515, 683. • 

* Honda and Sehimizu, Phil. May., 1003, [vij, 6 , #02. 

* Kalmus and ttarper, Canadian' JJejKtrtme.nl of Mines, Report 309, Oita ’.■#, *1014, 
p. 6 ; V. lnd. Eng. Chin.. 10*5, 7 , G. 

* Winkler, Zeitsch. anorg. Chm., 1895, 8 , 1. 

* • Other data are 8-8 at 15° C. (Oopaux, Compt. retM., 1905, 140 , G3f ; Ann. Chim. 

Phys.. 1905, t, 508), £-718 at 21° €. (Tfldon, Chm. News, 1808, 78 , 16), 8-6 {(}. Neumann' 
ana Streintz, Morntah., 1891, 12 , 642), 8-5 at 15-5° C. (Bottom*, Chm. News, 1873, 27 , 
215). \ . . . • 

1 Tutton, Chem. News, 1890. 79 , 229 : Prnr. Roy. Ear., 1809, 6j, 300. 

{ Other values are given by Copaux, lor. rit .; G»i#rtler and Tammann, Zeitsch. anorg. 
Chem., 1904, 42 , 353; 1005, 45 , 223; Camelley. Her., 1870, 12 , 441 ; PicfU, Comvt. 
88, 13.17. ‘ 
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Cobalt boils af 2415° 
has been determined by 
results 2 being as folfow : 


I • . v ' 

C. unil^r 30 torn. pressure. 1 .Its specific he4f 
numerous investigators, the more important 


^ .Specific 
* li'vit. 

Tom pern turn 
rnruiof " (!, 

/ .. , 

* 


* 0-10795 

20 100 

‘ 0-105.1, 

m <00. 

0-1050 

15-100 

0-104 

• 20 100 

0-103 

15-100 , 




Authority. 


Schmitz, Proc. Hoy. $oc., 1903, 72, 177. 
Kalmus and Harper, opus cit., p. 43. • < 

Drisko, quoted by ditto, p. 43. . 
t'opaux, loc. cit. * 

Tilden, Proc. Hoy. Sot.. 1000, 66, 244 ; 1903, 
71, 220. 


The specific heat at any temperature between 0° and 890° C. may 
be ealenlatcd 3 from the equation : 

Specific Heat =. 0-1058 -f 0.9„4571 + 00,GO! 2 . 

The most intense lines in the spectrum of cobalt are as follow *: ' 

* Arc: 3405-27, 3443-79, 3453-06, Eli-89-57, 3502-45, 3529-96, 

0509-59, 3587-30, 3845-60, 3894-25, 3995-45, 4121-52, 4531-12, 
5444-80, 5910-73, 5984-40, 5992-11, 0000-50, 0007-85, 0049-34, 
, 0082-07,.0282-89, 0320-02, 6348-00, 6450-51, 0455-30, 0478-10. 
Spark: 2504-13, .2580-42, 2582 83, 2003-05, 3845-65, 3873-30, 
3874-14, 8894-20, 3995-53, 4118-94, 4121-51, 4531-20, 4581-82, 
4813-70, 4808-01. 


Occlusion of Hydrogen By Cobalt.— Hydrogen is readily occluded' 
by cobalt to an extent dependent upon a variety of factors. Chief 
amongst these, are: 

(1) Temperature. —Cobalt slowly occludes hydrogen in the cold, but 
at its temperature of reduction, namely, 400° to 500° C-., its occluding 
power is ineligible. .\t some intermediate temperaturr occlusion 
progresses at a maximum rate. 5 Cobalt obtained by* reduction in 
hydrogen but cooled in iptrogen occludes an inappreciable quantity of 
hydrogen. 

(2) Length of Exposure. —The amount of -occluded hydrogen tends, 
towards a Maximum with increasing length of exposure of the metal* 
to that gas. ' 

(3) Physical Condition of the Metal. —The more finely divided the 
metal''the greater is its power of Occluding hydrogen. This probably 
explains many of the apparently anomalous results detailed' in the 
literature on the subject. Thus, for example, cobalt reduced from fhe 
broriiide'docs not. possess.the property of occluding hydrogen fb any 
important extent. 6 The metal obtained, on the othci hand, by reduc¬ 
tion from its oxides contains varying amounts of the gas. Reduced at 


1 Ruff and'Kcilig, Xeitsch. ctnorq. Chcm., 1914, 88 , 410. 

1 Cither data are given by Regnault, Ann. Chim. Phys., 1801, 63 , 5 ; -1856, 46 , 267 ; 
Pionehon, ibid.. 1SS7, II, 33. 

* Kalmus and Harper, opiw cit. 

* Kxner and Hafwhek, Die Spehtren dcr Etcmcntc bet nonnakm Druch (Leipzig and 

Wien. 1011). * 

‘ Baxter, Amcr. Chen. ./., 1899, 22 , 351. 
v * Baxter, tor. cit. 

t 
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t, J roost "and Hautefeuile 1 fated it to contain approximi*eIj 
100 times its volume of hydrogen, which it readily parted upoii 
heating to *200° C. in vacuo, 'l'Re explanation ajTp^irs to be that Inc 
volatility Of cobalt bromide allows the metal to be deposited, upon 
reducfToii, ill a more compact foitn than that obtained from the oxiMe, 
so that its occluding power is prraortionatrly reduced. 2 " 

Neiynann ami Streintz 3 objerved that repeated oxidation and 
reduction tends to diminish the power of cobalt to oceludcjiydrogcn. 
As Maxtor lias pointed,out, this is probably due to the fact that the?e 
operations tend to render "the cobalt increasingly compact. THE 
’presence o^ impurities docs not appear to affect verf materially the 
occluding powers of e iBalt. • 

Chemical Propertils. Cobalt is not sensibly altered by exposure 
to air or water at ordinary temperatures, but becomes superficially 
oxidised at red heat. 4 After being maintained at red beat for some 
time in an aimosphere of pure nitrogen, the metal becomes less suscep¬ 
tible to attack by nitric acid, possibly because of the formation of a 
“ passive ” nitride. 0 

, Cobalt thus resembles iron in exhibiting passivity, although to a 
lAs extent. Concentrated nitric acid attacks it, but acid in the propor¬ 
tion of one part water \^tli two parts concentrated acid dissolves 
cobalt with extreme slowness. 6 . 

The metal dissolves slowly in hydrochloric and in dilute sulphuric 
acid, evolving hydrogen. It combines with chlorine ami bromin^ under 
the influence of heat, yielding*the anhydrous chloride and bromide 
respectively. Neither cold nor hot solutions of sodium or potassium 
hydroxide attack cobalt unless the metal is simultaneously made 
,:m anode. 7 . 

Heated in ammonia to about 470“ C. cobalt yields a nitride which 
decomposes at 000° C. Heated in nitrogen peroxide it burns with 
incandescence, yielding eobalto-eobaltie oxide, ( p 3 0 4 . # * 

Electrolytic cobalt docs not contain nitrogen, and yields no ammonia 
on heating in a current of pure hydrogen, thereby differing from its 
congeners, iri^p and nickel. • 

When obtained ima finely divided •state by reduction of its oxides 
at 250“ C. cobalt is pyrophoric. In this Condition it decomposes 
acetylene in the cold, thg metal becoming incandescent. A portion of * 
’the acetylene polymerises to benzene, whilst the remainder yields* 
carbon and hydrogen. 8 • * 

Reduced at 400° C. the metal is not pyrophoric, but occludes a 
considerable volume of hydrogen. The reduced metal decomposes • 
earboimnonoxidc at 350° tg 450° C\, depositing solid carbon. Thus : 

. Co -f*2CO — Co -\ CO, 4 C. 

In tins respect, again, cobalt closely resemlJfes iron. 

1 T#oost and 11 au tefe u i I le, JJompt . raid., 1 S7f», 80 , 78K. 

1 Baxter, loc. cit.; Richards and Cushman. 1‘rvi . A mrr. A tad., 1 $99, 34 , 333. 

* Neumann and .Streintz, MonaUsh ., 1891, 12 , 042. • 

4 Regifault, Ann.,Chun. Ph'js.p 1830| 62 , 352. 

* St. Kdme Commit, rend., 1889, 109 , 304. See also Nickles, ibid., 1853, 37 , 284; 
Vogg. Annalen, 1853, 90 , 361; Hityorf, %tiUch. physikal. Chtm., lUftO, 34 , 385. 

* Ac worth and Armstrong, J. Chent. Soc., 1877, 32 , 54. 

’•Tubandt, Zeilsch. anorg. Chhn., 1905, 45 , 368. « 

* SAbatier and Sendcrens, Bull. Soc. chim., 1903, 29 , 294. 

* Moiuan and Muuryu, Bull. Soc. 1896, 15 , 1296. 



30 COBALT, NICKEL, AND ELEMENTS OF PLATINUM mVW^ 

Ti>c metal uljio combines under special conditions witl£ nitrogens,,., 
peroxide to form nit.ro-cobalt, <Lo 2 (N(V). When heated with silicon 
in'the electric fuontlce, silicidcs are' produced, wliilst warming with 
<5irbon monoxide under pressure effects the production of ^cobalt 
telraearbonvl, t'o(('()),. Heated in nitric oxide to 150° C. the'rnetal 
burns, yielding the monoxide.; at rcddieat it decomposes steam. 

"A«ymni«stry” of the Cobalt Atajin.—Optically active conjoounds 
of cobalt have been produced, indicating thatrtheir structure is asym¬ 
metric. 1 ' ( 

Atontfc Weight. --Approximate Atomic Weight. -That the atomic 
weight ofcnbalt is approximately 5!) and not a multiple or sulpnultiple of 1 
this amount it, evident from a variety of considerations, namely : 

(!) The specific heat of cobalt is 0-108. Assuming a mean atomic 
heat of (I t, the atomic weight, according to Dulong and Petit’s Law, is 
ap|)roximately 59-3. 

(2) The most appropriate position for cobalt in the Periodic Table 
is, as explained in the opening chapter of this volume, bet ween iron 
and nickel. Assuming the atomic weights of iron and nickel to be 
correct, we should expect the value for cobalt to be greater than 55-84 
(at. wt. of iron), but less than 58-68 (at. wt. of nickel). 

(ft) The cobalt alums are isomorphous with those of iron and 
nbupiiiiinn, and therefore, by the application of Mitsehcrlieh’s Law, 
they must I>q assumed to contain two atoms of cobalt, their generic 
formula being': - 

M 2 .S0 4 .Co 2 (S0^.241I 2 0. 

Again, double eolialtous sulphates with alkali sulphates are isomor¬ 
phous with those of nickel and.divalent iron, from which it may similarly, 
be gathered that their formula: arc given by the generic scheme : 

M 2 S() 1 .CoS0,.eII 2 0. 

Analyses of these 'compounds indicate that the atomic weight of 
cobalt is a9 0, * 

Exact Atomic Weight. Until 1857 the accepted value fori he atomic 
weight of cobalt - was. derived from a single experiment nui'de by 
Rothpff in 1820 3 : 2(i9-2')iarts of CoO were found to be equivalent to 
1029-9 of Agt'l, whence t o 58-9. 

In 1857,. Schneider 4 analysed cobalt ifknlate, determining’the,., 
carbon dioxide obtained by its combustion and the metal left after 
igniting the salt, in air and subsequently in hydrogen. Four analyses 
gave yic following result: 

Co : 2C0 2 :: 100 000 : lPS-OQ? whence Co -- 60-Q06 

* , fhe following year Marignac 6 made a number of preliminary 
experiments' on the atomic weight of cobalt. In two experiments 
anhydrous cobah sulphate was calcined to oxide : 1 

t'oSOj : CoO : : 100-000 : 48-287 Co = 58-761 

a - 

1 Werner, Ikr., 1914, 47 , 3087. " < , 

a All atomic weights quoted in this section have been recalculate l, using the following 
antecedent data: \> = llt-000, H = 1-007112. 0 = 12-003, N = 14-008, S = 32-065, 

Cl m 35-457, Hr « 7 »-!>ie, I „ 120-92, Ag = 107-880, Au = 187-2. 

1 See Berzelius, I’-'-'J-J. Annakn. 1820, 8 , 184. 

, 4 Sohncider, P 099 . Annalcn, 1857, 101 , 387. 

* Mrrignac, Arch. Sci. phys. ml., 1858, 1 , 372. 



COBALT AN# ITS COMPOUNDS 3 

>*• In anofhcr four experimentsJhihydfojis cobalt clJloride was unaj}«t( 
for chlorine^by titration with s^y : • 

! 2Ac : CoCl, :: 100-000 : CO-118 wlfcnec Co — 5S-79< 

In^860 iDumas’ analyses of anhydrous cobalt chloride appeared 
Five analyse:* gave the following mean resist: < 

• *‘2Ag : Cot'1 2 : : ll*0 00<V 00'2‘Jti Co 59-03i 

In 1808 llussell 2 redileed pure cobnltnus oxide to the metal in • 
stjeam of hydrogen, anti as the mean of liftcc.g experiments jjbtailR^ 
the following result : 

CoO* Co :: 100-000 : 78-592 ,Co — 58-738 

Three years later, Sommaruga 3 made sewn analyses of purpurco- 
cobaltie chloride by heating it until eobaltous chloride remained, and 
reducing this salt in a stream of hydrogen : 

Co(N'H 3 )jC1 ;i : Co :: 100-000 : 23-827 Co 59-909 

In 1807 Winkler 4 made live determinations of the amount of gold 
precipitated from sodium aurtchloride solution by a given weight o£ 
ci?!>alt : 

2 Au : aeo : : 100-000 : 15-172 Co == of336 

In 1808, '.Veselsky s analysed ammonium and phcuvluimiiunflilh 
eobalti-eyanides for cobalt by ignition in a stream of lij’drogeti, two 
experiments with the lirst and dour with tla .-ceond salt, giving the 
following results : 

(NHj) 3 Co(CN) # : Co : : 100-000 :. Co - 59-085 

(C,li 5 .NIIj) 3 Co(CX) s : Co* : 100-000 : 11-8005 Co - 59-017 

In 1800, Itussell 11 redctenmneil the atomic weight of cobalt by dis¬ 
solving the metal in hydrochloric acid and measuring •the hydrogen 
evolved. Computing his results with the modern'yiflue for the density 
of hydroiren. his eleven experiments j*ivc the following megn result : 

Co : II„ : : 100-000 : 3-Hf2 Co 50-077 

_ • • 

In 1871, Lee 7 determined the pereentafe of cobalt in brucine 
cobalt i-cyunidc, strychnine cobalt i-eyanide, and purpiirco-oofadlio 
chloFule: * 

(C w H M N f 0 4 ),!l,Co('(:N),, 10ll„(/: Co :: 100-000:3-7437* Co 50-100 
(C ! 1 H 2 2 N 2 0 .,) 3 ll 3 Co(CN) 6 . UIjO : Co : : 100-000 : 4-5*05 Co t- 59-096 
Co(NIIj) s <:lj : Co : : 100-000 : 23-57US Co 60-095 

In 1880, Zimmermann* made ten extremely concordant analyses 
of •objdtous oxide by reducing it to the metal in a stream cjJ' hydrogen : 

• CoO : Co.: : 100-000 : 78-035 , Co — 564189 

• . 

1 Dumas, Annalen, 1860, 113 , 25. 

* Russell, J. Chan. Nor., 18611, |ii], 1 , 61. 

8 SomrtTaruga, SHymgdrr. K. AhvU Win*. H uh, 1806, 54 , 50; see also tfehneitier, 
Pogg. An mien, 1866 , 430 , .'110. 

4 Winkler, Zeilsch. anal. Ghent., 1807. 6 , 18. 

1 WescUky, Ber., 1868, #, 592. 

• Jlusselt, J. Ghent. Soc., 1869! [ii], 7 , 294. 

f T>e, Anur J. Sci., 1871. |iiij, 2 , 44. 

V * Zimmermann, Annglen. 1884, 232 , 324 
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Another scries of twcnty-^bur e»[>erimcnts on the reduction af, 
eobaltous oxide was published ^nortlv Lfterwards by Rcmmler 1 : 

. r CoO : Co : : 100HXM : 78-613 whence Co m 58-812 
In 1893-1894, Winkler 2 publish^! the Results of his experiments 
pit the atomic weight of cobalt. First, pure cobalt was converted into 
the neutral chloride, and ill six experiments the chlorine determined 
gravimetriefilly as silver chloride : I r 

2AgCI : Co :: 100-000 : 26*864 Co = 59-812 

• ■ In a second series of six experiments the chlorine in the neutral . 
chloride* was (Iftorinincd volumetrieally by Volhard’s method after 
removing thq cobalt with potassium carbonate,- The ratio of cobalt to 
silver was thus established and cheeked by two experiments in which 
cobalt was allowed to displace silver from silver sulphate solution : 

2Ag : Co :: 100-000 : 27-705 Co = 59-776 

In a third series of eight, experiments a weighed amount of cobalt 
was dissolved in excess of a standard solution of iodine in potassium 
iodide, the excess of iodine being then titrated with sodium thiosulphate : 

. 1 2 : Co : : 100-000*; 23-462 Co = 59-556 

Jn 1805, Ilcmpel and Thiele’s determinations appeared. 3 Three ex¬ 
periments on the reduction of eobaltous oxide gave the following result: 

•' * CoO : Co :: 100-000 : 78-666 Co = 58-998 

In anotlufi- series of seven experiments a weighed amount of cobalt 
was converted into the anhydrous chloride, and the increase in weight 
noted : 

Cl, • Co : : 100-000 : 82-873 Co =-- 58-769 

Finally, in four of the |>eeccd-ijg experiments the chlorine in the 
anhydrous chloride was estimated as silver chloride : 

t 2AgCl ; Co : : 100-000 : 20-550 Co = 58-929 

The loregoing tejftlts are of little or no value in comparison with 
those that have been subsequently obtained. They vary very con¬ 
siderably, but undoubtedly point to a value round'abouti>59 for the 
atomic weight of eobajt. The results obtained by SeAneider, Som- ' 
nmrugu, and Winkler aruemuch higher than all the others, and it will be 
noticed that in the hands of Lee, Sonmuiruga’s method gave a much 
‘ lower value., , ‘ » 

In 1897 18119, the work of Richaijds and Ikixtcr 4 on the atomic 
weight qf cobalt was published. Anhydrous eobaltous bromide was 
prepared by direct union of the pure elements and the product sublimed 
in a stream of hydrogen bromide and nitrogen. The bronnnp in the 
salt wus determined by the two usual methods, the amount of silver 
required to precipitate it being first measured and then the precipitated 
silver bromide being collet ted anti weighed. The final results w'ere as 
folliAv: ' 

8 expts. 2Ag : Colh- 4 :: 100-009 : 101-407 Co - 58-964 

9 ex])ts, 1 2Agllf : Colli-., : : 100-000 : 58-255 Co — 58-969 

• 1 ltcinralrr. Zeitsch. anorij. Chem.. 1892, 2 , 221. ' 

* Winklt-r, Zeitsch. anorg. Chan., 1893. 4 , 10, 402 ; 1894, 8 1; cf. Bet., 1889, 32 , 891. 

* Meinprl ami Thiele, Zeitsch. anory. Chan., 1895, n, 73-.- 

* Kicharda and Baxter, t'roc. Amer. Acad.. 1897, 33 , 113; 1899, 34,351; 1899,35, 

81. Also-inCAem. News, 1898, 77,20, 30; 1899,79, 199,208, 219; 1900, 8x, 112; 126, , 



$*;$'hesej<sults were coiiflrm/il by series of experiments in ttJ&aK 
anhydrous bromide was rttiyced tb metallic jobnlt by kcatin£it 
tnhydrogeln. Twelve experinasirs gave the followir^; mean results 7| 

CoBr, * Co :)’»00-000 : 20-052 whence Co = 58-{&i 

It is seen that the atomic weight tin*-obtained is practically the 
same as that derived from the jyreentage ofjirominc in*thc salt, an 
indication of the high decree of accuracy of the experiment aNwork. . : 

Itiehards and Baxter also analysed the ehloride amt oxide of cobatt^ 

was not. found possible to* prepare the anhydrous chloride wholly; 
.free from alkali chloride and silica, so that their t wo r&luctions of the- 
chloride to flic metal nit slightly in error: • 

Cf,: Co :: 100-000 : so-soo Co ~ 59-04? 

The analyses of cobaltous oxide were also regarded with suspicion, 
owing to the dilticulty of ascertaining whet her the oxide is free from 
excess of oxygen. l-’ive experiments were made : * 

CoO : Co :: 100-000 : 78-650 Co = 58-973 

•With the subsequent invention of fused ipuirlr. vessels it became 
*pd!sible to prejuire pure anhydrous cobalt chloride. Accordingly# in 
1900, Baxter and Collin * prepared and analysed this salt in the cus* 
tomary Harvard manner, the results being as under: 

8 expts. 2Ag : CoClj :: 100-000 : 00-1975 . ICo ^ &996S 

7 expts. 2AgC! : CoCI. »: 100-000 : 45-jH>70 Co 58-969 

The excellent agreement between Itiehards and Baxler’s analyses 
of cobalt bromide and Baxter and Collin’s analyses of cobalt chloride 
fcaves no doubt as to the accuracy ef the Value 

Co = 58 97 

for the atomic weight of cobalt, and this is the vwliio given in the 
International Committee’s table for 19JSI. 

Uses.—Cpbalt lias not hitherto been utilised to ainf important 
•extent so tile industries, but Canada is making systematic efforts to 
develop its utility in vfew of the fuet tliHt rich f tores of cobalt ores are; 
found .m that country. A 1’ew‘years ago practically the only use* for 
CobaH was the production»of the blue colour in the glass jintl ceramic 
Industries, and for the production of a blue paint. l-’or these industries 
an annual production of 300 or tfio tons of cobalt snllieen.* i 

• Two important holds suggest themselves as offering useful possi*. 
biiitics for the future, namely, eleclroplaliiig and currency. The fofmef 
df’thcse te discussed in the aext section. dVifh regard to the latter it 
jj^a. been pointed out 3 that a fivc-ccnt piece made of cobalt would 
jsossfssmaany advantages for Canadian currency. Being very 7iartfjt ; : 
ifould be difficult t# counterfeit, while its attractive eolouCand resistdhee 
fcpFarniahing would distinguish it from all other coins. 

Mjidyeral compounds of cobalt are of considerable importance, chief; 
Sjfelgst which are zaffre, snwlt,«and cobalt blue. Accounts of*these 
ia given in the sequel. Certain organic derivatives of cobalt, such as, 

, • • ’ •.;"* 
* and Coffin, J. A*ncr. Chem* Soe., 1900, 28 , 1580; Cham. News, 1907* 

Industry during 1916, 1917, 25 , 530. ' • J 

Annua^ Report of the CyiarioBureau of Mines, 1915, p. 23. . 




through the system. 

It is most important that the anode shall consist of cobalt in a }iigh 
state of purity. In view of the improvements in the metallurgy of 
that metal, this condition is not now an insuperable barrier to success 
fi.s a very pure metal may now be obtained on a commercial scale. The 
anodes may be cither east or rolled sheet according to whichever is the 
more convenient or more easily obtainable. The difference between 
the two is not so important as in the Case of nickel, since cobalt dissolves 
rather more readily ; the anodes, however, should be annealed and 
thoroughly cleansed before use. 

The problem of a suitable solution has long been a matter of dis¬ 
cussion. Sylvanus Thompson in 1887 recommended and patented the 


following mixtures: 

Cobalt anmuhiimn sulphate . 

1 lh. or 

500 grams 

Magnesium sulphate . j 

| lh. or 

250 „ 

Ammonium sulphate . 

| lb. or 

250 „ „ 

Citric acid ... 

X or.. or 

<31-2 „ 

Water .it. . 

1 imperihl 



gallon or 

It UiS. gallons 

5 litres 

and 

Cobalt sulphate . . , 

t lb. or 

250 grams. 

Magnesium sulphate 

j lb. or 

125 „ 

Ammonium sulphate . 

| lb. or 

125 „ 

Water .... 

1 imperial 

- 


gallon or 

5 litres 


lj U.S. gallons 



These solutions yield their optimum results at about 35° C. 
simple solution, rapidly made up, consists of: 


Cobalt potassium sulphate . . .lib.- 

Water.1 imperial gallop ' 

1 For further details see A Treatise on ElcctYo-iletallurgtj, McMillan and CoopferfOik 
Griffin and Co., 1010); Elcctroj 'ating, Barclay and Hatnsworth (Arnold, 1012); rApjAiH 
, Electrochemistry, Allraand (Arnold, 1912). , 

} So. the summary by Watts, Trans. Amer Elerlrochem. -S’oc.,i913*23, 0®- 





p(i it8 efB|ienc^1 ! s incref$ed by/the addition 
sodium hypophosphite. ho , 

; For these solutions a catlra^T- current dcnsity°of 1| amperes pft' 
square foot is recommended , 1 although for the first few seconds,oft 
immersion a little higher Current may he applied, but should be quickly 
reduced. The voltage may advantageously lie in the neighbourhood* 
of 2 voltes. . f 

Kalmus and Iris eo-workers 8 reconmu'lul the following compositions 
.(I) A solution of 200 grams of cobalt ammonium sulphatef’, 
fiUU jSOj.CoSO 4 .OH 2 d, equiValent. to 115 grams off the ankydroiiSf 
fait, in one litre of water. The density of the solution is«l-053 at 15° C. 

This solution is useful at all current densities up to t amperes per 
sq. dcm. or 37-2 amperes per sq. foot. 

( 2 ) A solution in one litre of water of the following : 

Cobalt sulphate, CoSOj .... 312 grants 
Sodium chloride, NaCl .... 10 -(J „ 

Boric aeid, IIjHOj .... nearly to saturation 



The density of the above solution is 1-25 at IS 15 C. 

•This solution plates most satisfactorily with a current density 
ranging from 3-5 to 2(J t amperes per sip dein., the latter figure Being 
equivalent to over 210 amperes per sip foot ; and even at thig Speed 
the limit of the solution is not reached. The solution does not chnft'g? 
appreciably either in cobalt content or in acidity over long periods of 
time, and is thus particularly useful for commercial practice. 

The following conclusions are arrived at bv Kalmus : 

1. The electro-deposition of cobalt from either of the foregoing 
• Solutions on to brass, iron, steel, copper, tin, lead, Britannia metnl, and 
German silver may be effected under conditions similar to those" 
employed for nickel. The deposit is firm, adherent, hard, and uniform. 
It is readily buffed to a finished surface having a beautiful lustre, 
possessing a slightly bluish east, although beautifully white. 

2 . The deposit is much harder tlfan nick'd, so that Jess weight 
•(about one-ioqjth) is needed for equal protection. The plating satis-. 

factorily withstands the various hammering, la nding, and burnishing 
tests usually applied. . ’ 

8 . The elcctric-conductivity of the cobalt solutions is considerably 
higher than that of commercial nickel solutions. Other things being 
equal, therefore, the cobalt, solutions may be worked at i» lower voltage 
for a given speed of plating; or solution ( 1 ) may be forked four times,: 
:and solution ( 2 ) some fifteen times /is fast ns tiie most, rapid nickel 
solution.* f 

- Other workers, who have jiad occlusion to repeat the work of Kalmus ? 
report .considerable difficulty in obtaining thick deposits, of # cobalt/! 
■ consistent with a tygh quality of adhesion. Tfic solut ion^ recornme'ulfd * 
jhy Kalmus yield quite satisfactory results for very thin deposits, nut : 
ifpe Case is otlierwise where deposits are required ranging in thickness ': 
fraab 8 to 5 thousandths of an infh and upwards. In these* cases the ., 
ifeposited metal i| found to separate very readily from its base.* 
Furthermore, in view af more reequt research on the rapid deposition” 


t Barclay and Haimworth, opus cil., p. 307. , 
t* Kat«u», Harper, and Saveli, J. Ind. Buy. Chem ., 1015, 7 , 379 
* W, B. Barclay^ private communication. 
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tfSiy-kel (see p. J02), it would ^]K'ar<ihat the imssibflities <jf in'proxc*, 
mill in lliis direction have by i*> metm^bcen exhausted. Consequently’ 
fie Ihird cimelus»>n*i>f Ivahtnis relating to the relative speeds of deposi- 
ioti ofeolmll and nickel may sliortlyympiirc revision. 

• From the luregping it is evident that the whole subjeelfis worthy of 
iii'tlicr careful commereiaKnvest igalion. 

ALLOYS OF COllALT 

OlltCr useful'Ifcltl* for the employment of cobalt, are offered by M* 
alloys. * ’» 

Cobalt lifts been successfully used in the mbnulaeture of hiyh-s]>ecd 
sleds, in which some I per cent, of cobalt is Vmplovcd, in addition to 
chromium and tungsten. Stellite an alloy eontainin;; 75 |>er cent, of 
coh;ill, the remainder being chromium (usually with a little tungsten), 
is hard and remarkably resistant to ordinary corroding agents. 2 It is 
therelore in demand for the so-called “stainless” cutlery, Cuvhrnme 
is an alloy similar to mehromc, save that the nickel in the latter is 
replaced by cobalt. It has a. higher ifielling-point than niehrome, is 
less readily oxidised, and in these respects is superior to it. for purpere.s 
ol electric heating. Cobalt amalgam is used in dentistry. 3 
«- .Apf.rt from the Ibrcgoimr. cobalt yields no alloys of any great 
commercial .'mportanee. The following table indicates those that have 
been,made fia osubjeet of more or less careful study : 


Elements alloy in" with 
Cobalt. ‘ 

I’omarks. 

Authority. 

Aluminium . 

(>»AI, t'o.AI,, and Cu a Al u 

1 ). iJruncU, /At., 11)0), 34 , 

• * 

have boon obtained. 

27.'{:L 

(Iwvcr, Zr ifsrh . anorq. 

Antimony, . 


('linn., 1U0S, 57 , IKl. 
Sehirmoislor McUillunjic , 
Mill, ?| 050. 

— 

* I}' •»* p. (»«i; 

Armenia 

fcv p. tin. 

• _w 

Bismuth 

Limits of miscibility in liquid 

I.ewkonja, Zdtseh. nnorg. 


state arc 0 and 00 per ot Jd. 

Ch iu., tttus, 59, 203 . 


cobalt. Noevidenceoi com- 

Ducollioz, Hull. Soc. chint 

Chromijm . 

pounds. 

1909, |iv"J, s, til. 

Miscibh' in all proportions 

11 a v nos, J . / ivl. Eiiy.Clian., 


both in liquid and in solid 

I9ia, 2 , :;t)7. 

Chromium and molvh- 

state. 

Lewkonju, loc. cit. 

Alloy *oadily. i 

1 la vims,./. / ii'I.h nif.Chc m ., 

denum 


10i:i, 5 , ISO, Met. and 

V , 


(■hem. Eng., 1012/ 10 , 



SIM. 

CliromHun anti tungsten 

” 

Hay-nos, loc. cil. 


1 Ktc ltnynoK, J. I ml. Rug. Chun.. 1917, o, 971. 

* It is claimed tli;U !hin metal is to ]l ;-li -sjtrri! steel utile high-s|H'ed steel is to 
ordinary etulion steel; that is, it will allow of inch 'Using the rate of cutting ott thetathe. 
from 20 per eenl. to f,0 pee eent. and minimises tile time consumed in sharpening tools”. 
[J. Hoc. fVictit. /im„ 1917,36, 

* S«c Bull. hup. hint., 1910, 14, 417. 
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Elements a Hoy ini' with 
Coha!?. 


Her arks. 4 


, ; Authority. 


( {old . 


Man^anrse . 


Molyhd. mini 


\<» deliniir compound «• \i--i •«. 

Iv >n:>«ril.|r in 
fused MateJ MIdV 1 -' f»mt.tiu- 
jl!l» 00 }M*r i Cllt. OUf.lMT Jill' 
si.II luaynel ir. Those with 
hi ir«* t^irtu 7(1 jut mil. 
copper have a n*«l tint ; 
(hoc with loss titan 10 per 
•< nl. copper arc pvy and 
imilar to rohalt. 

No compounds. Saturated 
solid .solutions (.main .To 
and 04 per relit, of pnid 
ii-'pr rti\ i‘ly. 

See I'fiiI II. 

I,'mils ul miscibility in liotiid 
st it ran .'land 00 percent. 

ofrol.-ill. 

Coni ini ■ msseiii sof solid solu¬ 
te-in. Alloys with more 
than 10 per n-nt. rohalt arc 
markidly maidirtir, this 
pfnpirty inciciisinp with 
>ii*.lt conleiit. 

Coinpoinid CoMo. Crystal- 

li • -• in I''Ml? iu' i'dI*■**, ni.pl 
I In I C. I hit retie nu\l tin* 
contains H7 per ci nt. Mo, 
and un its at iSfJ.'ll! C. 

Sec p. 107. 

s “* !’• 

Nocompoiinils. I’plolOOd C. 
rohal! is in lurid 


Sli’ifii Iv miscihlc. No evident? 
• of rompoiind. 

Miscihlo iiwdl [U'oiioitions in 
iiijnid i-ouiliiion. In llio 
Solid, rohalt rail ili- < |\.- 
.'I n per cent. of I in. ( \ im¬ 
pound-, : * 

CoySn. ni.pl. 1101 ('. f nia«r 
ii'lic. 

CoS'i. tis.jit, (w it ft di i oiiijkj. 
• >iiion) Old C, » 
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38. COBALT, NICKEL, AND ELEMENTS OP PLATINUM -GROUf 
COMPOUNDS pV COBALT 

General Properties of Compounds pf Cobalt. “Cobalt, in its 
sylts. behaves lintli ns a Bivalent and a divalent clement.oltlwcugh the 
•trivalent sails am unslul%- except in the ease of double salts. The 
colour of cijbnlt sails varies greatly according to the decree of hydration, 
but it is t usually pink or blues Cobalt salts absorb nitric ovule, 1 and' 
•villi anunonia readily yield complex amminoderivatives. 

Pui;v eobalt^aJls free from nickel may be dbtained from the impugn, 
derivatives by. any ot the methods described on pp. 23-' 


COBALT ANT) T11K HALOGENS 

Cobaltous Fluoride, CoF s . may be obtained in the anhydrous 
condition as follows : on healing to fusion the chloride with excess of 
ammonium lluoride, the double lluoride, CoF 2 .2NI1 4 F, is obtained ; on 
further heating to redness in an atmosphere of an inert gas, the ammo¬ 
nium lluoride is volatilised, leaving amorphous cobalt, lluoride which 
may be rendered crystalline by heating in gaseous hydrogen fluoride. 
Prepared in this manner the salt is formed in rose-coloured prisftis, 
slightly soluble in water, and of density 4-43. 3 

< ■ It fuses when heated in gaseous hydrogen lluoride to 1200 1300° C. 
to a ruby-red mass, and sublimes with dillieulty at. 1400° C. 3 When 
heated with potassium hydrogen lluoride, KIIF 2 , a double salt, CoF.,.IvF, 
is obtained in garnet-red crystalline plates of density 3-22. 4 

Hydrated Cobaltous ' Fluoride, CoF,.2lI 2 0, is easily prepared as 
rose-red crystals by evaporation of a solution of the oxide or carbonate 
in aqueous hydrogen lluoride. Boiling water decomposes the salt, 
yielding an insoluble oxy-lluoridc of light red colour. 

A crystalline hydrated acid salt, CoF a .0lI 2 O.5IIF, isomorphous 
with the corresponding nickel salt, has been described. 5 The double 
salts, CoFj.KF.HjO and CoF 2 NuF.II.,0, have been prepared. By 
warming oil the water-bath a solution of ammonium fluoride with 
cobalt, oxide or hydroxide, the double ammonium Cobalt lluoride, 
CuF 3 .2N1I 4 F.211.0, is,.obtained, isomorphous with the corresponding 
nickel, zinc, and copper salts of general formula BF a .2NlI 4 F.2H 2 0, 
where R stands for a divalent metal.* 

Cobaltic Fluoride, CoF 3 , may be prepared by electrolysing a 
saturated solution of cobaltous lluoride in 40 per cent, hydrofluoric acid 
contained in a platinum dish which serves as anode, the cathode being 
a platinum wire. It is deposited as a green powder which does not 
redissolve on stopping the Current. In air it slowly turns g'tey, then 
red. Water readily decomposes it, yielding cobaltic hydroxide.’ The 
sqlt dissolves in concentrated sulphuric acid, giving a brown solution 
width becomes green on dilution, and red when gently warmed. 


1 Hiifncr, Zeilsch. physiknl. f-hem .. 1007, 59 , 410. 

2 Poulenc;, Compt. rend., 1892, 114 , 1420. 

3 Compart! nickel lluoride, p. 110. 

4 Poulenc, Compt. rend ., 1802, 114 , 740. 

6 Rohm, ZeiUch. ammj. Chnn 11105, 43 , 320. ^ aro . _ 

• Helmolt. Zci'wh. onorg. Chew ., 1803. 3 , 115. Other derivnCnw, $ e : ft . ^ 
Uiintiach and Kilian, Annntcn? 11 ) 00 , 368 , 101 ; Oostachescu, * *’• s ' aM lt 

1911,7,0. 4» [i], 464, 

3 Karhieri and Cal/olari, Atti R. Accad. Lijmi , 1905, [v). .•»- 
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Cobalt)us Chloride, CoOi/vfesults in the nrthydrous condition 
whm metallic cobalt or its sulpaide Unrated in chlorine 1 ; by 1 uniting 


the hydrated salt 2 to HO 3 or by calcination ofvkc eliloropentammine 
chloride, [Co('1.5NIl. ; ]Cl,. iv either casein a current of hydrogen chloride 
by distilling a solution of the hexahydintcil ehioride in anhydrous 
ethylene glycol under reduced pressure 3 b and lii.silly by treatment 
of a solution of the hydrated chloidc with gaseous hydrogen chloride. 4 

11 y the first of these methods blue-crystalline scales are obtained 
which admit of purification by sublimation in a current of clilorinc cr 
Hgrbon dioxide/’ Density, 2!/37. s , . 

At red heat moist hydrogen reduces it to metallic eobaTt. Dry 
hydrogen acts less readily, and a portion of the chloride sublimes. 7 

Magnesium likewise .educes it at. high temperatures. 8 

The salt dissolves in alcohol to a blue solution, which becomes 
violet and later rose-coloured upon addition of water. Upon exposure 
to moist, air. the anhydrous salt takes up water, forming first the di- 
hydrate and then the letrahydrate/ 1 

Aipieous solutions of cobalt ehioride may be obtained by dissolving 
the anhydrous salt in water, <r the oxides or carbonate in hydrochloric 
u<aid. I’pou eoiieentration in the warm the lii'.itihi/ilnilf, l'o(’l 2 .0lf, i! O, 
is obtained as dark red moiioelinie prisms of density last. These .nielt 
at GO ('. in I heir own water of crystallisation. They lose four molecules 
of water either when warmed to 50’ C. over sulphuric acid, dr Wiffcn 
kept for a prolonged puiod in vacuo over the same. 9 the resulting 
(Hhi/thnlc, CoCI,.211,0, being "ose-eolonred. The dihvdrulc is also 
obtained, by precipitation from solution on addition of concent rated 
hydrochloric acid. 

lly raising the tempi rature to iOO ’ ('. one further molecule of water 
is expelled, a violet mum ilii/ilrulc. ToCI,. ltd), reiuaining. The mono- 
hydrate may also lie prepared by concentrating a solution of the hexil- 


hulrate ill absolute alcohol at 05’ The salt eryslaU'.tcs out in pale 
violet needles. ,u At 110 to 120 ' t‘. the anhydrous salt is obtained as a 
blue mass. * 

The leinii^fiilraU', Cod,, til/), is obtained*by allowing either the 
anhydrous salt or the dihvdrate to rumen exposed to moist air. Kurt her 
exposure yields the, hexahydivje . 3 

The solubilit v of cobalt ehioride in water is as follows 11 : 

• 

Temperature' (’. . - I .! 7 11 12 25 * !H tl 

Grams of CoCI, per * 

too grams solution 2S-0 Jit-2 .‘ti ll 32-5 TSCt 37-5* 3!)-8 

Temperature ('. . i-a V.t 5G 78 !4 on M2 

Grains of CoCI, per • 

100 grams solution 41-7 1G-7 18-1 tS-8 50-5 51-2 52 3 


* Rose, l*aug. Aninth n. 1832, 24 , 157. 

a Heraeli, NlhuHijthj. K. .{hid. \Yi»x. Won, 1 SOT, 5 6 , 

3 [)«• Coninck, Bull. Arad. ray. Bibj., 10OI, 6, 1170, >32, .803. 

4 Engel, Bull. Soc. rhim., 1801, 6, 230. 

6 Hicth, Bcr., 1870, 3, Ipo. f 

* Plavfairjmd Joule, J. Cbm. Nor.., 1845, 2 , 401 ; 1840, 3, 57. 

7 Spring, ZeitMrf/. unary. Cbm., 1802, x, 212. 

8 Seulx rt nnd Sflmiidt, Anualut. 1801. 267, 240. 

* Sabatier, Bull. Nor. rhim., 1880, 1, 8S. 

»« Potilitzin, Bull. Soc. rhim., 1801, 6, 204. 
u Etard. Com nf. rend.. 1801. m. COO. 
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Jn the cold, the saturated solution is |osc-cotourcd, like the jrytftatlipe, 
'.hcxahydrnteiC safi. On warmfcjV it. becomes violet between 25° and 
,W J ('., above which loiter tempera!fire it is blue. This ir. explained 
t ,by some as due lb a change in hydration outlie cobalt salt in solution 
from the red hcxaliydralc. through Ih<‘ violet monohydPale^to the 
blue anhydrous salt. Certainly the changes in colour correspond to 
breaks in file solubility emve as shown in lug. I. 1 A similar change in 
colour from'red to blue 4 likewise occurs with increase of eonee'fitration 
pf the solution. 



Fid. 1. - Tlu* Holubilily ctirvos of cobalt nlilnritlo anti iodide. 


This simple hydration theory cannot explain all I lie known pheno¬ 
mena, as, for example, the opposite effects of calcium chloride and 
zinc chloride ml lie colours. Kngrl 3 i hcrefore assumed I ha I I he observed 
colours were due to certain double sails present in I lie solutions. In 
the ease of pure cobalt chloride. Hydrolysis was supposed Ip occur on 
heating the solution, the hydrochloric acid liberated punting with 
.'.unchanged cobalt chloriijj;; and.as an explanation of the colour change 
' this js almost certainly incorrect. Oslv.iald 3 suggested a .simple ionic 
explanation, namely, t hat the red colour is that of the cobalt cation,and 
1 the. blue Ilia.’ wf the undissoeinted salt. This is certainly not a complete • 
explanation, aid seems to necessitate a very marked decrease in 
ionisation with rise; of temperature, which experiment, so far, does 
not support . 4 

Domain and Hassctt* suggest that cpbalt chloride solution, in 

1 Etarel, I nr. til.; von Halm, Jnlirctlier.. 18.77, p. 72; Si/hiff, ihitl., 18.79, p. 52; 
(!ln(tst0l\(\',t. Win in. Sv.. IS.'S, .TO, 70; 10,79, n, ;ni; TieKlmrnc, Clem. AVi ra, 1872, 
'..is, 133; Kiisacll, 1’iot. liny. Sot., I Shi, 32, 2.78 ;, I'ol ilitzin, 11, r.,eI88t, jy, 27(1; Bull. 

. Sot. (him., 18111. [iii|. 6, 2«.| ; I-nsi'inur. Ann. dim. I'lil*., 1890, [vi], 19, .771 ; Wy.nuboff, 
Bull. Sue, chilli.. 1891, |Hi|. 5. 4 lt 0 ; (harpy. I',i,ii/,I. mill., 1801, 113, 791; Wrewsky, 
./. Hi 1 * 1 . I’lnin. Cli m. Sot., IS99i 31, Hit. Sen Ilerseli, SiUuntjxher. K. AI 11 J. ll'isn, lt'ien 
1807, lip, 56, 72t. 

. . 5 Kripcl. Hull. Sot. dim., 1891, [Hi], 6, 209; cf. Lo (’hassc-vant, ihiil., 1891, [ill], 6, 3, 

3 Oslwntil, Lthrlnith ihr nlliii mriih n Chmiic, Lnipzip. 2p,l net., 1893, 

■ Sw Salvador!. Iln;:illn. 1S!W. i, 26, 237; Tmujii amt llombanlini, ibid., ttlOO, 

, H, 30, 103 : I'enniin amt l‘as3rH...7’mii.«. dim. Sot., 1*902. 81, 939. 

5 Dontian am! llassett. lot. til. 
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,addition |o simple ions Co" an! Cl’,, contains complete anions Coflf or 
'CoCI.', there being two equilibrium reactions in solution, as follow ■ 


■;„) A M U ■= - Co" 4 «<r 

(b) Cobl. : L’tr I/, or 

Coti, 4 ci’ - v c-'Ci.,’ 


Granting that the eoluilt ion in solution is red, ar.il that the complete' 
Million is blue and increases in concentration wi(li rv of Icmjp'rutilTP, 
•the observed colour changes are readily explained qualitatively ; for 
the complex ions will break down with dilution, and alio if there be 
added the chloride of a nielal with a greater tendency to form complex 
ions, e.g. zinc chloride, while the formation of the complex ions bobl,' 
(or CoCI.,') will lie augmented by increasing the concentration of chlorine 
ions, i.e. by adding hydrochloric acid or the highly dissociated chloride 
of a metal like calcium, which has little or no tendency to form complex 
ions. Dorman and llnssett found by electrolytic experiments that the 
blue solutions contain a blue "iiion and the red solutions a red cation, 
aityl further supported their view hy other physico-chemical data; 
Denham 1 has furnished additional corroborative evidence. Dmftian 
and lhissett. conclude that when the cobalt atom is in close association 
with chlorine, e.g. in Cobb and Cobh,' or bobla blue colour’is 
developed, but that uheii, bv dissociation or the presence of water 
molecules Ibis close association i* broken, e.g, iy bo" and bobl 2 .(iIl./), a 
a red colour is observed. 

The work of Vail laid 3 and Lewis ' has shown I hat the colour changes 
cannot, be quantitatively interpreted wit hold considering Ilia I water plays 
a definite role hi the reactions. It loliows that if Dolman and lhissett’s 
views on complex ion formation be correct, water is either produced or 
used up when cobalt chloride and chloride ioq inleraft ; thus, for 
example, where the ion bobl.,' is assumed for .simplicity : 

bobl„..,fU) 4 (T.wIIjO -b bobl/.pILO 4 (n f m — p)II/), 

Kotsehuhei 5 has determined the extent the hydration of the 
cobalt: ion in cobalt chloride solution by I he electrolytic method briefly, 
indicated in the lirst volume of this Series, 0 and limls llnjf flic hydra¬ 
tion increases with the dilution, < lie eoneludes from hi.yiwn and other 
workers’ experimenls that the hydration diminishes with rise of tom-: 
perature; also that the hydration of the cobalt*chloride molecule 
varies in the same manner as that nif the cobalt ion. He doubts the 
ixisterafe of complex ions iif solutions of fobalt eliloride. and considers 
that in the blue solutions formed by I lie addition of hydrochloric add,. 
salcium eliloride, etc., the evidence for Ihcexislence of coni|flcx fqns 
s inconclusive. #)n the other hand, he admits the presence of confplex 

1 Denham, Zntech. phy*il:al. Chon., 190ft, 65 , fill. , 

1 These authors apply Werner’* Theory to deduce that the close assneiaf i<ni in here 
>roken. • 

: * Vaillnnt, Ann. (nim. yhj*., 1003, fvii], 28 , 213. 

v Lewis, Zcitich. phytikal. Chan., I'JOft, 52 , 221 ; IftOfi. 56 , 223; (7. Donnan. ihui. 
905 ,^, 317 . . 

' *■ Kotsehuhei,./. Unix. Pin /.<. Chnrt. St>r., lill-l, ^S t *lI 1 
Kf See Vul. J, 2nd etl., p. CIS, 
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iori*in the red solutions contairtmg m^euric chloride,'etc., £f*cl form*-,, 
latcs the inns as |>r<i!»al>ly being!: 

Cnliall chloridi flissolv.^n alcohol to a li!u< solution, wjiicli liccomcs 
violet and then red on,I he addition of water. The Alcoholic solution 
becomes ird when very dilulcd’or when cooli^ much below 0' ('. The 
Hue colour in these solutions has been attrihiijcd to the formation of 
ifouble eompounM 4),: k'.ngel, to eom|ilex ion formation by Domain and" 
Hassell, and lifhoth these causes by Kolsclmbci. 

The change in colour undergone by cobalt ’chloride on varying the 
temperature is taken advantage of in th(‘ preparation of symjwlht’lic 
inis. 

The molecular weight of cobalt chloride as determined by the 
freezing-point method, with urethane as solvent, corresponds to the 
double formula, (.*<>._,(T(compare ferrous chloride), 1 but the results 
obtained by the boiling-point method - indicate that under those 
conditions the molecule is single, namely, CoCI,. 

The li(\viiminii)unti\ ('o('l,.li\Il.., is produced by passing ammot#ia 
intiS a eoneCnlraled mpieous solution of cobalt chloride in the entire 
absence, of air, 3 or by passing if into a saturated solution of cobalt 
chloride in methyl acetate.' 1 It yields dark rose-red octahedral crystals. 

I)n < ftble frill,*. An unstable acid chloride, t'ot'l.,.111 l.tllLO, is 
obtained as blue crystals by cooling ft> g:i” ('. a saturated solution 
of cobalt chloride in aqueous hydrogen i nloride. 5 Col l... l.i( I ..'ill.,0 
and Cot'I.,.Nil ,('l.lill.,() have also been obtained." A blue aleoholate, 
CoCL.gCII .011. is known. 7 , Witl^ iodine trichloride the complex, 
I’olT.tiH'I^.SlIoO. is formed as orange-red crystals. B 

Cobaltic Chloride, t'ot'l.,, has not as vet been isolated, although 
indications of its .possible existence are not entirely wanting. Thus, 
when freshly precipitated hydrated cobaltic oxide is dissolved in 
alcoholic hydrogen chloride, a dark green solution is prodyeed which 
rapidly turns to a rush colour. 11 The lirsl dark colour suggests the 
presence of trivalcnt cn\pll. * 1 

Cobaltous Bromide, t'olir,. may h< obtained as a green mass by 
passing bromine \apour lu or a mixture o( bromine and hydtogcr 
* bromide 11 over heated cobalt; by heating the hydrated salt '-to ltiO'C. 
anil also by addition of the calculated quantity of dry bromine t( 
finely divided coin It under ether. The green salt, CoHr.,.(l',lI.),0, i: 
produced which, on heating, yields, (oBr,. 13 The salt, may be puridci 
by sublimation in a current of hydrogen bromide. The product i 

I (*;istoro, (hr.uil'i, ISOS, 2 S, ii, 317. * 

s '\\Yrnor, y.t ilxch. ttyonj. ( hi m., 1X07, 15 , 1. 

3 Kit'iuv, (’him. l‘h!/■<■, 35 , 2;“>7. 

* Nauinann, lkr. f 1000, 42 , 37S0. 

6 1a' Cli!\Ns«*v.\nt, .1 /im. Chun. Phijs., 1x03, fvi], 30 , 5. 

6 ,Si*o I a' ChiiNst'Viv.'it, tor. fit.; (’urn ///, rein/., 1S02, 115 , 113, 

7 Itonrnth. lor. cit. 

H WYinlaiul nml SeliK^i'lmiKh, 7.cited. a non/, ('hi in.. 3902, 30 , 137. 

0 Mover ami IVst, Ztiterh. nuorg. ('lo m., 1X00, 2 ?, 1X4. 

10 IVrlholnt, .4mm. Chim. Phil*.. 1S30. 44 , 301. 

II Kiohartla anti Baxter, <7 tnn. Xnri, l SOS, 7 /, 20. 

13 UanunclaluTg, Pmig. Anmkn. IS42. 55 , 213. 

w lWelliez ami llavnaiul, Compl. ren'J.. 1014, 158 , 2002. ^ 
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l^rccn, crystalline. of density fi-9h begins to lje reduced (ft" dry 
hydrogen at about 350’ C. 'the reaction is more rapid at higher 
temperatures, but is accompanied by partial siiblTnwIion. With moist 
hydrogen the reduelion logins at ‘250 C. 

The sal? deliquesces to a dark red liipiid upon exp isnre lo air. * . 

The soh’Vion. which also results \vhcn*luctallic*enbull is expose<l To 
the prolonged Set ion of lironiine anil w.dcr.kyc-lils, on •'onceutrulion 
over sulphuric acid, splendid purple-red pristualie crystals of the 
he.rahi/driilf. ('ollr.till,'). These melt at IT IS t . .At 100 ' C. titty 
^fuse to a deep blue liquid, evolving water. *uul’leaving o# coflffiig 
1 pur))lish blue crystals of the dilii/driilr. I'olir, .-.’ll•When heated to 
130' ('.. the salt dries'up lo an opaque, amorphous. \ i\*id green mass 
of anhydrous bromide.- , 

In addition to the foregoing, several other hydrales are known, 
their formula' and appearance, togelher with those above cited, being 
as follow :l : 


Colb,.0lLO 

Cedtr.,.5-511,0 
Col hi. 51 IT) 
CoHr.,. 111,0 


red prisms 
ni.pl. IT IS" ( 
re. e-eoloUlvd 
pink * 

reddish-violet 
m.pt. 70 71 1 ( 


('ol’io.-.TlJ) purple 

CnUr,. 11.0 blue 

Colim.0-511,0 ? 

Colir., green 


On exposing the anhydrousjiult lo ammonia gas. :fs iflso bypassing 
ammonia, into a solution of cohull bromid<* in methyl aeelalc. the 
he.TuinimiiiiiiU\ (oUr,.<i\H... is obtained tis pale rose-red crystals. 
These lose ammonia on heating, becoming ligld blue at 130 C. and 
having the composition Col!r,.3\TI,. * 

The solubility of cobalt bromide in water is as follows 1 : 

Temperature ° C. .... .50. T*i 07 

(Iranis CoHr a in 100 grams solution . Ofi-7 (iO-S (i.s-l 

• 

When dissolved in organic liquids the molecular weight, as deter¬ 
mined bv ebullioseojiie methods, appears I ('^correspond to the single 
formula. Collr,. 5 • 

Cobaltous Iodide, Col,,, may be obtained in the anhydrous eondl- .» 
lion by heating cobalt in a current of iodine vapour, orljy desieealion* 
of the hydrated salt over eonef-nl rated sulphuric aeidVn vtinw.* It is 
then obtained as a black metallic-looking mass. U dissolves*in water, 
yielding interesting colour change* possessing in eoiieentrated solution 
a greeft colour, which bocqjnc brown an<j finally red on dilution . 7 

Cobalt iodide is most Readily obtained in solution by warming the 
fiftely divided metal*with water and iodine. Its formation is a acorn- 1 
panied by evolution of heat. It may also be obtained by .-dotting 
cobalt to remain in prolonged contact with water ami iodine. 2 

1 Hartley, J . Chf.m. Sor ., 1ST I, 27, 501. . • 

1 Hartley, for. ri[. • • 

* Guareschi, Aft t* It. Ac rad. Sri. Torino, I!* 13. 48 , U‘2$. 

1 Etanl, Ann. (-him. Vtyjn.. 1WM, (v iij. 2, •'>37 . 

6 Werner, Zcifsch. a nary. * firm., 1W7* 15 , I. 

, * Hartley,**/. Chan. Sor.., 1873. 27 , 501. % 

* Hartley, loc. cit. ; Erdmann, */. pwlt. (’hem., lf*30. 7, 351; Omriin, English rrlitioh, 

ky, 335 ; Gladstone, J. (Jhem Sor., Qu^rfcrlv Journal. 1 *50, ix, 30. ® 
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{Several hydrate.<f Imve been Isolate^ The hexahydrate, C|Ij.eH 2 ®, 
is obtained by slightly cvapo'Pfting # nnrl then strongly cooling the 
wfieous solution., ♦(; yields dark red, hexagonal prismS. Further 
• concentration yields the niiiiiiliyilnili'. Col,.;*II. ! (), which crystallises in 
thill, n 'd, I'honibie plates, which lose three molecules of waiter at*fi"4. 0 
The li’lridiyilritlc, Citl,. HI,Ot and dihtjdnile, Cnl 8 .211.0, aje green. 

The solubility of cobalt iodide in water is as follows 2 : 


Tjjmjioratiir^ !l 

(intniH of (’of,, |K*r «.• m 


tniH solution 


Temporal ii n« ' 

(iranis of ('ol 2 pgr 100 groms solution 


- 2 

-1*) 

14 

2 r, 

34 

r*s-7 

Old* 

01 0 

not 

73-8 

-to 

no 

82 

111 

ir.r> 

7110 

79-2* 

80-7 

S0-!) 

83-1 


The solution changes <in colour ns the temperature rises, being red 
■low 20" olive between 20" and 10" ('., and green at higher tempera- 
ires. 1 liese changes correspond to breaks in the solubility curve, as 


lie 
tores 



Fin. 2. 


showp in Fig. 2, and are usually regarded as indicating the existence in 
Solution ol tlie liexa-, fetra-, and di-hydiytes respectively. Both 
the lu’xininmiliiulr. (i>l..(iNll 3 , mid li’lnwimoniiilr. CoI„.4Xil have 
been prepared. 2 '’ ' ” 3 ' 

Dimhk' Suits of (V)bult iodide are known.* 


OXV-IIALOGKN ftEWVATIVltS OF COBALT 

Cobalt 6xy-fluoride, C<,)F..CoO.II,,0. is obtained bv decomposing 
hydrated cobalt fluoride with boiling water, or by addition of excess of 
cobalt carbonate to aqueous hydrogen lluoride'. 5 ‘ It is a rose-coloured 
crystalline powder. ’ 

1 Hoist-link off. J. Rum. Chan. Roc., ISAS, 30 , JjSO. 

* Kurd, Cum )it. rani., 1 SO 1, 113 , liili). 

‘ '* RMnmclxherg, Pugg. Amnltn. 1030 , 48, I At. 

* ’hoi. (Xiim. Phy.1., 1807, 12 ,1174 ; Itobrosrrdoff, J. ftm*. pj^,. Chtm.iRoe^ 

J’ojij. .Uin/iUn. |S2t, I, 20. 


1901, 33. 303. 
* Bereplius, 





'COBALT AND ITS COMPOUNDS « 

- Cobalt Oxy-chloride is obtained as* a blue precipitate turning*rwl 
on pouring a liot solution of c^balt*¥hIoride into ililutc ammonium 
hydroxide. The formula Co('l.,.3l'o0.3-5ir ; ,0, lufc ^een attributed*to 
it. 1 Another basic salt, Ui('lj.t'o(011)j.5ll 2 (), is stated to result as » 
precipitate by the action of ealeium carbonate iijjou aqueous solutions 
of cobalt ehlyridc. 2 

Cobalt Chlorate, C'o(('l(may he ohtajjicd by dqpble drcorii- 
position of solutions of cobalt sulphide and barium chlorate. 3 The 
solution, when concent jared by e.\]iosure to sulphuricpeid at tempo*- 
feircs below 18° yields unstable dull red r|iomJiir erystak oi’^he 
he.vahijdrate, Co(t'l(.) 3 ) a .(iIl s O. These melt at about lS-ai C. with separa¬ 
tion of the tetrahijilmlcf l'o(('l() 3 ).,. tll 2 (). which is fairly stable at low 
temperatures, but beeoities less so as the temperature rises up to about 
Cl" l'., at which point dehydration takes place. Keen below this 
temperature a certain amount of decomposition lakes place, with 
evolution of chlorine and oxygen, an oxide of cobalt being simul¬ 
taneously produced. A bright red dilii/drtdc. Co(CI( 211,0, may be 
obtained by prolonged exposure of the tetrahydrate to the action of 
phosphorus pent oxide. 1 

% The solubility of cobalt chlorate in water is as follows 5 : 

Triii|KTuliirc “ C. ...» 10-5 IS 21 :!.•) 47 A 

(trams of CofClO,), per 10 » H 

grams solution . 57-45 til-H3 fil-19 (i-l-IHf »"■»» tifHili 75T2 

.Solid phase . . . <. , o(('l 0 3 p.iill. J '> <'o(ri(I.,)^ir 5 0 . 

Cobalt Perchlorate, t’o(('IO,) 2 .511 2 t), may lie obtained by dissolvings 
cobalt, carbonate or hydroxide in a solid ion <*' perchloric acid, expelling 
the excess of acid at 110' and concentrating to crystallisation. The 
stdl separates out in long red needles winch are very soluble in water, 
alcohol, and acetone, but are insoluble in chloroform. When dried over 
sulphuric acid the crystals contain live molecules of water, and melt 
at H3° li. They are more stable than the corresponding ] rent a hydrate 
of nickel perchlorate, and do not decompose at 103" ('.-neither does 
their aqucou^solution undergo hydrolytic decomposition,® 

The solubility of cobalt perchlorate in wat<^ is as follows : 

Temperature' {'. -30-7 — tl-3 » 7-5 18 20 ,45 

Grams Po(C10,)., in 100 

grains Dilution . . 10 52 20-72 22 Oil 23 .'hi 2H-75 ,®i-95 20-33 

Density of solution . — -1-iHiitO l .liras I-Stfilj 1-6811 1-5878 

At —21-3’ ('. the iwiiidii/dratc, ('<>(( 1<),).,. :>II.y, is foruw'd. Th< 
hexah’jdrutc, t'o(('l() 1 ),.fill i O, is described by Saltndori 7 as crystallising 
in hcxifgonal prisms, whirl) are pale piyk in colour and show feeble 
polychroisin. Heated to 100" ('. the salt loses water, yielding a violet, 

hygroscopic powder.* When rapidly heated it dellagraks, witjiout 

explosion, but it ^explodes on percussion. 

When ammonia and ammonium perchlorate arc added to an mpieouf 
solution of cobalt perchlorate, the hcxamnwnutk, ('o((.'10 4 ) 2 .GNII a , is 

1 Moissatj, TraiU : dr CitinncttninemU , 1905, vol. iv, j». 177. 

* Mn<;<*n# Chun. ZoUr., 1(10.1, i, 131ill. 

* Wachtcr, J.yrnkl. Chan., JS43, 30 , 321. 

4 MeusfuT, I hr* 1001, 34 , 2135, 

4 McusstT, ibi'!.. 190/, 35 , HIS. . 

0 Goldblum and Tcrlikowski, Hull. <S'w. rhuit., 1012, ii, 103, 140. • 

. 1 Salvadori v ( 7 a 22 e«o, 191J, qz, [i], 45t?; 1010, 40 , [ii], 9. 



forced .as a red nrfcipitate. Boiling, water effects its decqjnpositiqp 
according to the equation : 

JC*>((‘IO 1 ) 2 .0NII a *- 211,0 = -■ Co(OII), 4 CofljlOJ, + 2NII 4 CI0 4 +nh 3 . 

"Tin- anhydrous spit, (.’o((’l0 1 ),, cannot he isolated since tile hydrated 
salt decomposes before all I fie wider has been expelled. « 

Cobalt Bromate, ( '•(BrO^tillJ), is obtained bf double«dceom- 
posilion irf' barium bromide with cobalt sulyfiute. On concentrating 
iffc Mitered solution the salt crystallises out in led, octahedral crystals, 
winch ;*■ read i I (fe< .n»i posed by beat. 1 - 

Cobalt Iodate, (ofK).,),, was known to Rammelsbcrg 2 in 1838, 
and was I'urfhcr studied by Fullerton 3 and dtitle, 1 the last-named 
investigator claiming to have prepared the anhydrous suit, and salts 
with 2, 3, 1, and . r » molecules of water, whilst Fullerton describes a 
hexahydrate. 

Meusser 6 confirms the existence of the anhydrous salt, and of the 
di- and letra-hydrates, but throws doubt on the existence of the tri-, 
penta-, and hexa-bydralcs. 

The anhydrous salt may be obtained by maintaining for a prolonged 
period at 80’ to 00' C. a mixed solution yf cobalt nitrate and alk#li 
iodide in the presence office nitric acid. It is also formed at ordinary 
temperatures by mixing saturated solutions of cobalt nitrate and ulkuii 
iodide and agitating with a glass rod the lloceulent, rose-coloured, 
hydrnV'd pret*i pilule, when it yields I lie blue-violet anhydrous compound. 
The salt is also pmdued by beating Ihe same solutions from two to 
three hours in a glass tub*at 120° C. 

Anhydrous cobalt iodide yields microscopic needles, blue-violet in 
colour, and which on beating bccoyie dark blue in colour, but regain 
their original line on cooling. Below 200’’ V. decomposition sets in, 
iodine and oxygen being evolved. 

The d/7u/</m/c,*F<>{I(). 1 ).,.211,0, is obtained by mixing equivalent 
amounts of cobalt nitrate and alkali iodide (or free iodic acid) in ten 
times their weight of water and allowing to crystallise at 30 1 ( Micro¬ 
scopic crystals of lilac fine are obtained, which are the stable form of 
the salt up to OS" V • • 

The tclrulii/ilnile, Co(l() :l ) a . 111,0, is‘ obtained as red crystals by 
evaporating a 5 per cent, solution cuutniniiv; eijnivalent proportions 
of cobalt nil'rate and iodic acid at 0 to 20“ When agitated for a 
prolonged period with water at 00" V. the telraliydrate yields the 
dihydrult. 

■ Tlte various solubilities of the hydrates of cobalt iodate at different 
temperatures arc as follow 3 :i 

Telrahydrate, Co(10 3 ),.UFO 

Temporat ink' " C. . .1 18 30 50” 00 05 

Grams Go(lO.,) ; per 100 

grams solution . • . 0-51 0-83 1-03 1 - tG 1-80 2-17 

1 Pvgtj. Aumtkn. 1S42, 55 , 09. 

2 UnmmclsU'rj!. ibid., 1838/44, 502. < 

5 "Fa 11"rton, Annr. J. Set. SUL, 18*7, |iii), 14 , 280. 

* Ditto, Aun.Vhuii. Pltys. 1800, 21 , 115. 

1 Meussei, Per., 1901, 34 , 2432. 



’COfiALT AND ITS COMPOUNDS 4 

Dihydrate* Co(Ul),.2lI,,0 . 

Temperature 0 C. 9 IS 30 ,50 75 100 

Grams Co(IO»V, per lj>0 

gratis solution . . 0-32 015 0-52 0 (17 O St 102 

t Anhydrous Salt. Co(d(). : ), 

Teijipcratnit u (’. . IS ;!<)« 5.) 7i 100 

Grams l''o(I0 3 ) 2 per loo grains 

solution • . • ■ l oo o-sn u-s.5,0-75 000 

i These results are shown graphically in l'ie;. .‘!7 and age init-rrMin}> <•;> 
showing the rapid rise in solubility of the telrahvdratc wijh increase of 



Fig. 3. Solubility curves offhu lwlfttlos of col mil inilute. 


temperature, and the simultaneous fall in solubility of the anhydrous 
salt. 

Cobalt Periodate is unknown, lay a basic substance corresponding 
to the foriyula 7('o0.2l.,0 ; .lSlL0 is obtained on concentrating mixed 
solutions of sodium periodate and eolialt sulphate. It is a yellowish 
green powder. 1 

COBALT AND OXVGKN 

' Cohalt, like iron, eombines with oxygen to form three Veil-defined 
oxides, namely, cohalt oils oxide, CoO ; eoballie oxide, Co/).,; and 
cobalto-eohaltie oxide, Co.,0.,. In addition to theses a peroxide, Co0 2) 
appears capable of existing, whilst numerous other complex bodies 
have bten described, such* as Co.O,„- Vo.,().. :: Co,() ; , 4 ('«,<)„* and 
Co.O,. 6 Probably, however, these are not sejiarate chemical entities, 
but mixtures of the silnpler oxides as in tin vase of analogies *onip|ex 
oxides of iron. 7 » , » 

* Iputsch. pralct. C 7 icm.,* 1887 , 100, 8!); lUinnii-tslwrjr, I'nfj. Annulcn, lSIIS, 134, 
514 628. 

1 SohriiiltT, Chun. Zcnlr., 1890, i. Util ; li.ivlcy, Chun. „Vr«.>, lSdl, 39 , SI. 

* ]'.. .1. Mitts, .hihrCnhtr., I Si is, 2S5. 

1 Bcctz. I'e/}f. .-tn*//fii»lSI4.6i 1 172; liow./W., IS.5I, 84 c„i./. . 

Department nj Mines, Ottawa, Itlltt, Itayort 259. 

1 Savior, Mem. Manchester 1 ‘hil. Hoc., 1909, [vj, 12, I. 

* ♦irntrle, J. praH. Chcm., I 8 f>l>, 69 , 12!). * 

. I gee Borgstattcr, Chcm. Zrr.tr., 1912, ii, 1526. 
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^Cobaltous Ojyde, Cobalt Monoxide, CoO, may be obtained frojn 

cobalric oxide by reduction in Veummt of ammonia , 1 or of hydrogen 
about 350" C. .Vt higher temperatures metallic cobalt i* obtained. 
Cobaltoux oxide also results when cobalt * 1 oxide or cobalt carbonate 
isjicated to redness in carbon dioxide or nitrogen-; \vhen*eobalt itself 
K healed in nitric* oxide !•> 150" C. a ; and when cobalt sulphate is 
healed lo wideness .' 1 t • 

Oblaiyed by any of the f»regoing methods eobaltous uxnlc is a 
stable powder, m-cyisli in colour, which oi^heating in air takes Up 
osjflge! j'ormingViJt^lty-eoballie oxide. Its density is about 5-G8 whet* 
obtained by (wleination from a higher oxide. Prepared from the' 
sulphate it ralains the crystalline form of the hitter, and its density is 
C-70. It is reduced to metallic cobalt when lieSted in carbon monoxide 
id temperatures above fad ('., or in hydrogen above 250° An 
allot ropie modification of eobaltous oxide is formed by heating eobalto- 
cobaltie oxide with 2 to :i per cent, of carbon at about !»()()' (’. It is 
yellowish green in colour. 1 ’’ Neither allotropc is magnetic. 

When heated gently in air it yields tri-cobalt Ictroxide, Cod),,. In 
hydrogen sulphide the oxysulphide CoO.CoS is produced. 7 

It unites with acids to lorm eobaltous salts. It l’eplaecs ammoi^’a 
iu its salts and is dissolved by potassiuni*hydroxidc, yielding a deep 
blue solvit ion. 8 

Cobalt oxide unites with or forms solid solutions with many other 
metallic oxides at high temperatures. Thus, with alumina at 1100 ° (’. 
a blue aluminate, ( oO.^VIis lornuti, whilst at higher temperatures 
a green compound, ItbO :iAI,0 :l , is produced . 9 With stannic oxide, 
cobalt oxide yields a dark green ortho-stannate, 2l'o().Sn(),, or 
Co 2 SnO,. The same compojmd is ( produced by precipitating cobalt 
nietastaunate troin a solution ot a cobalt salt by addition of ])otassium 
metastannatc, and heating the precipitate. The colour is then greenish 
blue, the bluoMinge resulting from the excess of stannic oxide . 10 With 
chromic oxide a green chromite, ('o().('r.,() 3 , is obtained : the vanadate 
and tautaluti* are likewise green, whilst the uranate is yellow . 11 

Cobalt Blue consist's essentially ot oxides of coball apd aluminium 
with more or less zinc <tjidc. It is obtained by calcining a mixture of 
ailing and cobalt sulphate, and is used hv artists in painting porcelain. 
Save for this it ha*' how no commercial value . 1 ’ 2 Cobalt blue is also 
known as Cobalt Ultramarine, Thenard’s Blue, and King’s Blue. ' < 

Cobalt Greta or Rinmann’s Gregn was discovered in the eight¬ 
eenth century by a,Swede named llimnann, who obtained it by heating 
1 Vwtflor, I SOI, ]>. UK). v 

* Bussell. ./. ('Item. Sm\, 18113, 16, 51 ; Winkelblech, Amuikn, 1835, 13, ?4S, 233; 

Beet/., .1 unrilen, IS It, 6J, 472. 1 

s Sabatier nail Srudrivns, ('um/ii. rani., 1SU2, 114, <420. 

4 ‘iju-liMKl'iiml L>|iit>rn>, Hull, Hoc. c.'tiin., 1SII2, |iii], 7 , Ii06. 

* Ualmus, Canadian ikfirimait of Mime. Ottawa, BUS, Nrpvrt 25ft; also J. lml, 
Kng. Chun.. 1!U4, 6, 115; lvilimis amt Harper, Boport ,'IOD (lit 14 j. 

* Kalraua, he. n't. 

’ Schumann, Aiimktt, 1877. 187, 313. 

* Woolker, Anna/en, 18413,57, 34 ; Bonn-le, Ztiheh, mull, diem., 18«4, i, 313; Donoth. 
Monatnh.. 1883,14, <13. 

’ Itcdvnll, Kan. Min. (hot.. 11)14, 5, No. 1(1, 1. 

** llodviill, ihitl., 11)14, 5 , No. IS, I, "• 

11 llcitvall, Ztildt. ato>oj. Cl.a^, 11)15, 93, 313. 

M See 1 ! TrealUe on Colour Manufacture, Znrr and Bubcnkauip, translated by C. Mayor 
tCbM. Oriflin and Co. 1U0S). 
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•• • 

•A«niixfun| of zinc oxide and cobalt oxide. Il cmi «he obtain)d»in n 
variety of other ways. I.aroe crystaR may be prepared by heatilg 
zinc oxide frith cobalt carbonate to lino C., potassium chloride being, 
used as a flux. The pmcRicI is cooled in carbon dioxide when thin 
tabular crystals are usually obtained, green in colour and of density 
.>•(10. \nal_V!jjs indicates a composition cuilvsponding to CoO. I'N/nO. 
It is no^ a delii*ile chemical entity, but a sotid solution*of the two 
oxides in one another. 1 "ftirquoise Gretn is similar, but eonlflins sojnj' 
oxide of chromium in .-qlmtion. Until pigments are i^cd in poreej^n 
•painting. Cobalt Red is obtained in a similar eimifner to JtiiflTiann's 
•>recn. save that the zinc oxide in the latter is rcphuvdltv magnesium 
oxide. 2 * 

Cobaltous Hydroxide, t'o(01l) 2 .- When jietassium hydroxide is 
added to an aqueous solution of a cobaltous salt, carefully freed from 
air, a blue precipitate is obtained which, on heating, is converted into 
the rose-coloured hydroxide. 

The blue precipitate was at one lime regarded as a basic salt, but 
llantzsch :l showed that any basic sail can be washed out without 
impairing the colour of the m,.xs. It may be completely dehydrated 
al J70’ whereas the pinl^ hydroxide retains some water men aUer 
prolonged exposure to .'100 ('. in an atmosphere of nitrogen. The 

formula suggested for the blue compound is. accordingly. UoH.ll^O, 
and for the pink one. Uo(Oll),. . 

Cobalt hydroxide dissolves in ordinary distilled water tt> the extent 
of IMS mgs. of Co(0II)._, per litre ;Tl -0 (V 1 • 

Like its ferrous analogue, cobalt hydroxid* readily absorbs oxygen, 
yielding a brown mass. When dissolved in acids stable cobaltous sails 
jre obtained, but when dissolved iiijhol, concentrated aqueous potas¬ 
sium hydroxide and allowed to cool, cobaltous oxide gradually crys¬ 
tallises in microscopic prisms s which arc deposited as a violet powder. 
Tile crystals are plcochroic. of density tl .V.t? at lf> ('.. permanent in 
air and insoluble in ammonium hydroxide. They ifre soluble in acetic 
acid, in sodium hydroxide, and in hot solutions of ammoniitm chloride. 

> Cobalto-cobaltic Oxide, Tri-cobalt Tetroxide. Uo :l O,, is I lie essen¬ 
tial constituent of commercial oxide of'cnludl.^ It is jirodueed when 
either of the other oxides is strtmgly healed in air, and when cobalt 
nitrate is ignited. . 

• It is a black, hygroscopic powder, of density 5-S to tf-.'i.J ft, dissolves 
in hydrochloric acid, evolving chlorine. 

A crystalline form of this oxide results when cobalt chloride or a 
mixture of this and ammonium chloride is heated in air or o.xy*gen, 
microscopic octahedra possessed of metalliialuslre being obtained. 7 

The oxide differs from its iron analogue in not being magnetic. 
Wheft strongly heatedrin the oxyhydrogrn Jlainc it yields* nlrtuRip 
cobalt, which, as it^ools. become*, tarnished with a film <4 oxide." The 

1 J ltd will. Pur., 1912, 4*5, 2 , i!*»; Arlir. Knn. Min. Ural., 1919, 5* 6, I * 1914, 

5 , No. IS, I . 

* See HcUv.il), ZtitMch. a non/. Chun., 1914, 80, 290. 

1 Hantzdi, Z< it«h. ynort/. Clicm.. 9 \ 912? 73, 804. 

* Almkvist, Ztit*ch. ihionj. Chcni., 1 HIS. 103, 240. 

1 I)o Schulton, Cotnpt. ran!*, 1*89, iog t COO. 

* Ranmielsberg, Poyg. Annnlrn, I §49, 78, 93 ; Zimmerman n, Ann a’fin, 1880,232, 324. 

7 Sc^rarzenbeiy, Anrndni , 18.0(1, 97, 212; Gorgon, fjompt. rend., 188. r >, loci, 175; 

Gibbs and Genth, Arncr. J. tici., 1857, 23, 234. 319; 24, 86. 

* 8 Read, Tram, Chan. Sqc. t 1894, 65 , 3lJ. 

vol. ix: 1 M 


D 



m rnliMX NICKEL, AND ELEMENTS OF PLATINUM OROVf 
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\;irifms .11 lions t.i hydrogen, ejrbon' monoxide, and alumifcium upo» 

rfiis oxide liiivc already been ffiscusied (see pj). 21-25). 

Cohulln-eobaKio oxide lias been prepared in three stales of hydra¬ 
tion. The Irilii/tli-iilr, Cn.,0.,.311,0, results cm warming eobaltous 
„h'\dioxide with t i,iolassim|i persulphate and heating The resulting 
produel to lot) ' ('. with dilute nitric acid . 1 It; is also .produced as a" 
brown predipil.'ile on boiling a solution of roseo-cobaftic sulplyite. 

The ’linvlii/ilnilr, ('<».,(),,.t: 1 ! I„<). occurs as a green precipitate on 
filling baryta prater to a ei'ld solution of cobalt chloride in ranw.- 
'I io hi'i>lnliji<fratt'.* Co^Oj.TlLO. results after exposing for severtfl 
months in a vacuum desiccator the brown precipitate obtained 1 $ 
allowing cofialtous hydroxide to remain in coptact with air . 3 

Cobalt Sesquioxide* Co./).,, results when cobalt nitrate is gently 
healed to I,SO' (V 1 It is a black, amorphous powder, of density SIX. 
Hydrogen begins to reduce it at 1 N 2 ,J l '. 5 It may be regarded as the 
cobalt salt of eobaltous acid, namely, aibaUous aibatlilc, Cot'oO.,. 

Hydrated Cobaltic Oxide, Co(()II) a or (<>_(),.,'SlI/l, is obtained 
in a more or less complete state of hydration when an alkaline osidiser.® 
such as, for example, an alkaline solution of ammonium persulphate , 7 
oi; of sodium hypochlorite/ is added to a,cobalt salt. 'The preeipH'ate 
varies in composition according to the conditions obtaining at the 
momivd. When an alkaline solution of cobalt sulphate is electrolysed 
the oxide b obtained in at least two stages of hydration, namely, the 
tliliiylnilr. ( , o„0.,,2ll 2 (). and the lriliii<lnih\ Co 2 ().,..'ilI ; ,().“ 

As obtained by tin foregoing methods, hydrated cobaltic oxide is a 
blackish brown precipitate which dissolves in aqueous hydrogen chloride 
evolving chlorine, eobaltous chloride passing into solution. The oxide 
thus behaves like a peroxide. i 

With well-cooled acids, brownish solutions are obtained which arc 
presumed Iq contain cobaltic salts. 

The oxide al ways contains traces of alkali. At .'kS.T ('. it becomes 
anhydrous, bill loses a little osivgen, a small quantity of t'o., 0 , being 
formed. 1 " ' Hydrogen .begins to reduce it at 110 ’carbon at 200 C„ 
and carbon monoxide at 11 ° t ‘. 11 

Cobalt Dioxide, Cobalt Peroxide, CoO.. is obtained in the hy¬ 
drated condition as a greenish black' precipitate by treating aqueous 
solutions of eobaltous salts with iodine and,.sodium hydroxide. 1 ? It is" 
also ob!amci| by acting on a eobaltous salt, with a hypochlorite, M 'It 
decomposes at loti' and when washed undergoes partial reduction. 

\ Mawrow, Ziitsch, unary. (’him., 1000 , 24 , 2(>3. 
s Marl ley, Trow Chvni. Sor., I MM), 15 ,' 201*. 
a 1'ivmv, .l/i/i. Chini. Thys., 4352, 35 , 1*57. <* 

I WinkelMeeli, .Inna/cn, IS’.io, 13 , 14S, 253. 

« c ‘ Zatsch. anvrtj. (')um 10015, 36 , 1 ; Moissan (.1 nn. Chlm. Vhys 1880, 21 , 

) 00 ) pves 1 * 00 ’ <\ 

^ Mo<jliitl llanos, Trans. C/mn. Si/C., IN97, 71 , 5S9. r 

7 Mawrow, Zeilsrh. anorg. ('lam., 1900. 24 , 1*00; 'Huttnor, 1 ibid., 1001, 2'/, SI. 

8 Carnot. mnl, % ISS9, loS, C» 10; Sclm-tlei. Cl,mi. Zmtr.. 1 Sl»0, i. 051 , Huttncr, 

liie, l it. 

•' Wernicke, Toga. Annalm, IS70, 141 , 120; Cuehn anti (llsuvr, Zatsch. anorg. Chtm., 
1002. 33 , 0 ; Knot../. Thysio’l t'hmi.. 1005, 9 , 1 . 

10 Carnelley anti Walker. Trans, t'hcm. »Sm\, 1888, 53 , 00. 

II Wright antMailT, i7»/'(/., 1S7K, 33 , 535. e 

13 Wtnmnn. 7»Vr., 1801, 24 , 2744; liiittncr, Zcitsch. anorg. Chcm. 1901^27, 8 
Mul/.l, ibid., 1014, 86 , MS. 
c¥ McUhjiI. Hr it. .1 ssoc. lUjK>rts , 1S92, p. 609. 
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MK'or|ii'l] and Ham s 1 claim, to have obtained* the innnohi/<lrtil% or 
col/alliM* twid, Hjl’oOj. by t lie act ion of<jydrogen peroxide upon cohaltous 
hydroxide in aqueous suspension. 5 It'' iu- acid can (xist at all in the f^M“ 
state it is very unstable, although some of its salts are well defined. 

The mote important eohaltites are I'ulmUnm cnhnllilr. CoCoOg. 
more usually known as cohaltic oxide. I o.,'i :l : and .•nbiiltoiix tlirobtillilA 
l\»().‘'('o(),•.•!l.O, which has been obtained 9 ,is glNlcniiy; hexagonal 
plates hv fusion of cohaltous oxide v ith potassium peroxide aiql washing 
with water. Hayley 1 ban already indicated the existence of this suj;- 
itanee in IN7!>, and believed that at least two ulliei hydrat 
lamely. CoO.iil'oO.,. Ill..<) and Cott.'il'ot I..O, airj possiblythe 
monohydrate. Cot).•_’( 'o(k .11,0. 

.1 hii’iic.xiinn ciilinllilt. MgO.CoO,'-; hm'turn i iiliiillilr. ItaO.CoOj, 
and ilinilinllili'. HaO.'JCoO,, 11 and a pntiixhiitiii cuhtilltiux tnluiltili', 
KgO.CoO.3CoO., 7 have also been described. 

I’OHAI.T AND Sl'U'lirii 

Cobalt Monosulphide, Cohaltous Sulphide, t'oS. oeeurs in nature 
•is the mineral .vi/rpeun/r or jiii/mrilf. d he mineral has been prepared 
artificially by fusing eols.lt -ulpliale with barium sulphide and siulyim 
chloride." The inonosulphide is also obtained by heating a solution of 
cobalt, sulphite 9 to 300 ('., or a mixture of solid ions of cobalt si" Is with 
ammonium thiocyanate to ISO in either ease in sealed tubes. 111 and 
by heatin'; cobalt sulphate ami carbon to the temperature flf the 
electric are. 11 

Hv the tirst of these methods cobalt inonosulphide is obtained as 
steel-prey, elongated prisms of density fr to. The remaining processes 
yield the amorphous substance. Prolonged eontael. with air and 
water effects its oxidation to the sulphate. Acids dissolve it. yielding 
cohaltous salts. « 

Cobalt, inonosulphide is also obtained as a black hydrated precipitate 
on addition of ammonium sulphide To a neutral solution of a cobalt 
salt. Although the precipitate is soluble only villi dillieulty in hydro¬ 
chloric acid it is not obtained w hen hydrogen sulphide is passed into a 
solution of a cobalt salt acidilicd with a mineral acid. The explanation 
is probably similar to that given for the nickel analogue tq.v,). An 
Oxysulphide, CoO.CoS. is Slated to result on heating cobalt monoxide 
in a current of hydrogen sulphide* 12 

i McConnell awl Hanes, Tniii 1 ,. ('In w. S.,r.. 1 SDT, 71 , oS-l. 

1 Iturrant (< bid., lttO.I, 87 , I7sl) was unijde m ir.rilimi this. Si r also .Inti .{'ui/rjit. 
rend., 127 , 100 . 

1 Hofmann and Hiendlnruer. /flr, IttOli, 39 , Slat. Nielod under similar condition* 
yields niek'douH aiekidite, XiO.Xit S..21I d 1 . 

* ^tavley, Chnn. AVtr.s, 39 , Si ; 1 Oito, 82 , 17tl. 

fi Dufati, Coniiit. rt^l.. IStlti 123 ,-’.'ih. 

* K',i,SM-au. ('■wif.i. rtml., Iss'i. 109 . fit. 

7 Jtidlueci and Dwimnni, Alh ll. Amul, l.ui< 1 i. l!tU7, 16 , [ i j. ill u. See at ■*» 11,-ri f nit si, 

Ann. ('him. Vlnj*., IS.lg. 51 , let : llurrant, '/'noo. I m. .. Itnio, 87 , I7S1. Conlias| 
McConnell and ! lanes, lur. rll. : Mit.'e.., Annul* n. 1*57, 1 o 1 , 1 N»*»; I'chal, I 8 ~i 0 . 

100 , 257; Schwar/fnlw^. ibid.. |s5i*. 97 , 212. 

8 HiorUlahl, Com pi. rank, 1807, 65 , 75. 

* (Jeitner, Annaleu. 1804.* 129 , 554. • 

10 WX>in 8 chonk, Zcihch. Knj*l. 3Kw. ; 1800, 17 , 407. 

11 Mourlot, Ann. Chitn. i'/ty*.., 1800. |vii], 17 , 540. 
u Schumann, Annakn, 1877, 187 , 518.. 
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Yficobalt Tet(asulphide, CtA& 4 , has been obtained in tip crystal¬ 
line I'nnn by heating solutions oflpotu'$ium sulphide with cobalt chloride 
in sealed tubes lo^lltO-180“ C.. 1 • 

* Cobalt Sesquisulphide, Co^S™, results when a mixture of sulphur 
and the carbonates of cobalt and potassium are raised to‘'\vhite heat. 2 
Mel-el, in similai'* oircumflanees, yields double sulphides such as 
K,S.;tXiS, mid thus resembles palladium and platinun,'whilst cobalt 
behaves more like rhodium and iridium. The position of cobalt before 
itiekel in I lie Periodic Table is t hus supported. 

*feUt Disulphide. ( oS 2 . Settcrlierg 3 believed that this sulphid*- 
resulls on heiiMng cobalt monoxide to redness, either in contact with' 
sulpliur or ifi u current. of hydrogen suljihide. The mass is treated 
"'it h dilute hydrochloric acid, leaving an unstaole residue of disulphide. 
Moist air oxidises it to (lie sulphate, whilst the application of heat 
expels some of the sulphur. 

Polysulphides. A study of the freezing-point diagram of the 
cohalt sulphides suggests the possibility of the formation of the com¬ 
plexes C’ojS., and Co c S 6 . 4 IJiorldaiil 5 claimed to have obtained tile 
tormcr of these by heating tricohalt tetnyxide to redness in a current of 
hydrogen sulphide. It is doulitfui, however, if it should be regarded 
ns K separate chemical entity. ' *' 

According to Uicsncau, 0 a polysulphide, is precipitated as a 

black mass when a solution ol sulpliur in aqueous sodium monosulpliide 
is added to mif ol cobalt, chloride. If this precipitate is dissolved in 
sodium polysulpliide solution and tlie-liquid evaporated in vacuo, blade 
crystalline plates separate out. 

Cobaltous Sulphite, CoS().„ is obtained in the hydrated condition 
as rose-coloured crystals by dissolving cohaltous hydroxide in sill-, 
plmmiis acid and eoneenlrating ai a low temperature. 7 Musprutt 
iomid tile crystals to contain ii\‘e molecules of water, and llammelsberg 
ll'iee. lldluyg 8 yoine years later proved that both hydrates exist. The 
salt is but sparingly soluble iu^ water, yielding a readily oxidisablc 
solution. With alkali sulphites double' salts are obtained. Tims 
Potassium Cobalt Sulphite," K 2 S() :l .(oS().,, is obtained as' a pale red. 
precipitate on warming mixed solutions of a voluble eolialt. salt and 
potassium sulphite. Ammonium Coba’t Sulphite,(\H 4 ),.SO,.t oSO,, is 
prepared m a similar manner. 10 A sodium salt 11 and basic sulphites have 
been descrrbhl. 12 “ 

Cobaltic Sulphite, Co 2 (S0 2 ) 3 , lias not been ’ isolated, but appa- 
rently it. can exist momentarily in solution. This was indicated by 

1 We Nrnarmonl, Ann. Clam. I'hyi., 1-551, liiij. 32 ,129. Sec also I. and L Bellucci, 

Atti li. Acaut. Lined, 1008, |v], I 7 0 [ij, 18. t , 

2 I'VllenlHTg, 1’ogg. A,main,. 1SIU, 53 , 73; Selinoider, ibid., 1874,151,437; Bctlucei, 
toe. cil. 

, 1 Setfcrlfcrg, Pugg. Annul,-in IS2(i, 7 , 40. 

A-Friedrich, M{tallur<jic, 1008, 5 , - 12 . 

s Iliotldahl, Com fit, rad., I St 17, 65 , 7”». 

“ Cliesneau, Compl. rauL, 1800, 123 , UhJS. 

7 Ktunmelsberg, l\»jg. .1/fWt /i, Ism, 67 , HI)I; Miunratt-, Aimalni, 1844. so 2 , 7 ') • 
J. jntdi. Chan., 1847, 41 , 213. « 

" Kbhrig, J. prakt. Vhrm. x 1888, 37 , 240. 

* Schulze, Jahresber., 1804, ]>. 270. 

10 Borglund, liu,U. Soc. chi in., 1874, 21 , 212 * 

11 Schulze, loc. at. 

11 SoTlbcrt and Elten, Zditch, anorg. Chc XU 1803, 4 , 44; Beet tinker. AnnnUn iftiz . 
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tleycr , 1 wlio dissolve'll cobalt ic In droxjdc in sulphurous acid. At lirst a 
brown colour was produced, rapidly tfivTiio place lo^r rose-red tint wliKdl 
remained |)ennae,ent even on hoilino. Tin- colour chance is altrilnitabltj 
to the formation of the unstable cobaltic sulphite which decomposes 
into cobaltous sulphite and dithionate res|jj'clivelv.. Thus ; 

' „ Co,(SO :i l| CoSO., : CoS O... 

StalUe double and complex cobalt iivxnlls are known.- 

Cobalt Thiosulphate, l nS, 0 .,.(>Il., 0 , is prcpa'-id 3 by inixitfo 
•quivalent solutions of cobalt sulphate and s'ronfium thiie^rtflWte. 
•After (Uterine off the insoluble strontium sulphate. Ihc solution is 
concentrated over sulphuric acid, when a deliipiescent. dart; rid crystal¬ 
line mass separates out. * 

Cobalt Dithionate, CoS 2 0 6 , may be obtained in several stales of 
hydration. The solution is tormed by double decomposilion of barium 
dithionate and cobalt sulphate solutions. On concent rat ion bv expo¬ 
sure at room temperature the clear liipiid, freed by lilt ra I ion from 
insoluble barium sulphate, deposits rose-coloured. Irielinie crystals of 
the Mlnh)i<lnit<\ CoS.,O fi ..SlI.,0 which are excessively soluble in water, 
bc^ which ellloresee in dry air. Kxposed to desiccation over sulpluiric 
acid, - or t molecules of water are lost, whilst rccrystallisation ftom 
absolute alcohol yields the hcruhijihtilc. CoS (i|!,,(). as rose-coloured 
prisms . 4 The salt may also lie obtained by dissolving cobalt ic hydroxide, 
result ini' from the combined action of bromine and eajtstie soclq upon 
a solution of a cobalt salt, in sulphurous acid. , At lust a brown colour 
is produced, due to the formation of cobalt ic. sulphate, but this rapidly 
{fives place to a rose-red colour, which is permanent even on boilino. 
This is due to decomposition of Ijie sulphate into the sulphite and 
dithionate respectively : 

Co 2 (.S<CoSO., j.CoS,() # .s 

With concentrated aqueous ammonia the ju'iilummiiiiidtr, 
CoS./) 6 .aNIl :i . is obtained 11 as small faisms. 

Cobalt‘Sulphate, CoSO,, is obtained in the anhydrous condition 
by raising any of its hydrates to dull rejh.ess, mjhy simply maintain ii" 
the heptahydrate at •4.«0 C. unUl till the water has been expelled’; by 
evaporation of ;t solution of any of its hydrates in concent rated sulpluiric 
acid s ; or by heating a hydrate with ammonium sulphate.i 

By the last of these methods the salt is obtained unstable, purple- 
red, truncated oetahedra, of density .'Hi.). 1 " With ammonia jl yields 
the he,rammoniute. CoS0 4 .<>XIl :1 . 11 Heated in a lube open at boll; ends, 
anhydrous cobalt sulphate begins to decompose at 71S yielding; 
cobalt monoxide. 1 * * 

hJ. Meyer, />'r., 190!, 414 , s'ihii. 

* See Beyltind. r.. 1*7-1, 7, ni'.l ; Hull. Sue. rhiiif., tsTt, 21, -1"; llnfl'inaim and 

Reinsih, y.tiheh. ('him.. 1 vis. ?6, 41". 

8 I>4tx,,/. i'hrrn. Sue.. lstu»23, 141. 

4 Ueeren, /'nyy. Antulhn, 1*411. 7 , Hill. 

4 J. Meyer, ihr., I tin I, 34, :i''.i»i. 

* Ranimetslierf.', l\nj. . 1 mud, 1 SIT, 58 , 29;7. 

7 Thorpe and \V,i I :*s, 77./,,*. I'heju. ., !ssu. 37 , I!2. 

* Etard, Compt. rend., i*V *. 87 , Iin4. 

* ifiid., 1*114, 114, s.'ie, I.rj *ef re and l.selmnd. I’.id.. !173, 11.7, 

10 Thorpe and Watts rive density 4 174 : I’l.uImf, 3 III. 

11 Frrmy. .-Ian. ('him. {%/*., 18.74, 3<y 4.77 ; ll„f, .lined,». I silo 20, l. r d. 

18 H. 0. Hofmann an j Waniukow. Ml. ‘ 7e u, . Km.. 11114. 10 , 174. 
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Afihydrous coffalt sulphate is»yery Stable in air at ordinnrf temperti 
litres, and dissolve^ bid slowly in Hot water. The solution can bi 
• more readily |>rr|lared by dissolving I lie oxides or carbonate in diluti 
siij|p|inrie acid. l'|ion evaporation at room temperatures the hepla 
h/iliiili', GoSO,.7II.O, crystallises out. A eonvenicnl. method of pre 
paring' this hydrate consists in dissolving Irieoball tetroxide in hydro 
chloric acid, adding an' equivalent of sulphuric aeid”and allowing t( 
crystallise after evaporating oli' the hydro^n chloride. Obtained ii 

I burner I h\ crystals are acidic, but may be freed from acid bj 
precipitation fjom aqfteous solution with alcohol and recrystallisatioi 
from pure winter. 

Tin- crystals are red in colour, of density ]•!>•_'|., and isomorphom 
with their iron and nickel analogues. 'I’hev melt at !)(i 0 to ()S° (’. * and 
clllorcsce upon exposure to ajr, losing one molecule of water. Practi¬ 
cally insoluble in absolute ethyl alcohol . 11 the crystals readily dissolve 
in methyl alcohol and in water, the solubility in the last-named solvent, 
being as follows 1 : 

Temperature ° (’.. 0 1 () op |, 0 (!0 K0 100 

Grams CoS 0 4 in ■ ( 

• 1(10 crams II,A) 2;V.'>. ! 5 tIO'a.j Bti-of IS'.Sa CO d 700 ,sr/'o 

Thfhcptahydrule is found in nature as the mineral cnlmlt vitriol or 
birbnitr. 

A> eoneeiftrated solution of cobalt sulphate maintained at 25° C. 
deposits monoelinie crystals of the lu\iiihi/ih;itr. (oS() 1 .(lII„0, isontor- 
plious with its y.inc sulphate analogue. Density 2 -()l <).5 

The ixntiihiitlnilr. ('oS(), I .alI./), was slated ' 1 to result on exposing 
the hcptnhydrnte over concent rated sulphuric acid. Density o-ltn. 

1 la tt 1 1 ohi/di nit , ( oSO,. 111 , 0 , is obtained by exposing finely 
powdered hentahvdrate to desiccation over sulphuric acid "until n 
constant weight is arrived at . 7 It. is also produced hv pouring the 
concentrated solution into sulphuric acid." Density 2 - 327.* 

The trihjiilnilr. ('oS().,.:{ll 2 0. The existence of this lp'drate has 
not as yet been definitely ascertained . 10 

The (lihjiilnilr , l'o*i(). | . 2 l I..O, is obtained hv boiling the hepta- 
hydPate in a line state of division in absolute alcohol .' 1 Density 2 - 7I2. 

The mt>iwhyilr,th\ ('oSt^.llJ). is prceipi(atcd on adding excess of ' 
concentrated splphurie acid to an aqueous solution of cobalt sulphate 12 ;■ 
by evaporation of an acid solution of the salt 12 on the sand-bath until' 

1 NjliitT. .Inmilni. 1K5S, 108 , 21. Tlicipe and Watts mo- tin- ilonsilv as MIS 

{lor. fit.). *• * 

2 Tilden, Trans. Chan. Snr., 1SS4, 45, 200. , , 

3 Do Hruyn, Zritsrh. pluf.sHal. Clinn IS‘.»2. 10 , 784. 

4 i Seidell Solubilities, t tr, ((Why, l!H>7). Sec Vuhlor, Annalrn, 1855 qc 103 - 
vow Hauer, prukl. ('In m.. ISO?., 103 , 114. * ' * ' 

r, 'Tlmr|>e amt Watts, Tran*. Cli- m. So,-.. 1SSC. 37 , 112; Jl.mlnae. Richrtkes sur lt» 
formes rristallims, 1855 

0 Playfair. Sec Thorpe and Watts, lor. rit. 

7 Thorpe and Watts, lor. rit. 

3 Moissan, Trait? tie Chimie Mineral? , 1005, vol. iv. 

9 Thorpe anti Watts, hr. rit. • 

'fl'" experiment deserilscl by Vnrtmatin ( Her., 1SS2., 15 , tSSS) is not, ami is not 
elaimed to 1 h\ conclusive. 

II Phyvfair, and Thorpe and Watts, hr. rit. 

1 * Ktard, ('nmpt. rrmi., 1878, £* 7 , 002. 
l AtLc'SCfCur, .Dm. ('him. l'/nfs., 1 SD*>, iq, 211. • 
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* sulphur dioxide is evolved 1 ; and by heating tluj heptahydr^t/ to 
100 ° C. until no further loss in yvciglf^' accrues -: bv decompositioiyif 
purpureo-eobalt chloride in a small quantity of'water with concen¬ 
trated sulphuric acid 3 until ihc salt has passed into solution. Tin* 
whole is then heated to '.’‘JO on a sand-bath. On cooling the 
acid Is decanted, the salt washed with told water, and dually uilTi 
alcohol. * 

As prepared in this manner cobalt sulphate monohydral" is a red. 
crystalline powder, very slowly soluble in water. Kxposcd to moist 
air it slowly absorbs water. At red beat it Jose;'water, hyna*mi r g 
•anhydrous. Density .‘H‘25. • 

Basic Cobalt Sulphates. Several of these have bon described 
as resulting on addition of ammonia. 1 cobalt carbonate' 1 or calcium 
carbonate 8 to solutions of cobalt sulphate under varying conditions. 
The products obtained consist of blue, bluish given, and lilac precipitates 
of variable composition. 

Double Salts. Numerous double salts of cobalt sulphate 
have been prepared. Chief amongst these are salts of the type 
M„S0. 1 .CoS0 4 .i;I1 2 0. where M stands for ammonium or an alkali 
nvlal potassium, rubidium, or easimn. Kaeli of these salts has been 
obtained and its crystallographic elements determined. 7 The series 
is isomorphous with the corresponding ferrous and nickel, double 
salts, and with their double sclenatcs ; the individual salts are dis¬ 
cussed below. Ollier double salts arc cupric cuhujtcus sulphate* 
CiiSO.,.tiC<>S() 4 .I 2 (», and cobiulotts uichcl suljilmlc. (Co, Ni)S() 4 . ILO, 
in which the cobalt and nickel appear interchangeable. 11 

Ammonium Cobalt Sulphate, (Nil |).SO,.CoS(),,(!! 1,0. is obtained 
by evaporation of mixed solutions^' ammonium and cobalt sulphates 
ill equivalent proportions. The crystals are red, exhibiting pleo- 

ehroism. 10 and of density 1-873." Their solubility in water is as 

follows 12 : 

Temperature 13 C. ... 0 10, 18 211 -35 to f, tl 

drams of (NII,),S() 4 .(.'<iSO i . in 

1011 yrams^if water . . St*D 11-0 10-2 17 t 100 --*11 31a -13-3 

An auhiplnius doulile salt, of composition Nil i) 2 SO,.;i( oSO,. is 
obtained by heating anliydrflus cobalt .sulphate 13 with excess ol 
ammonium sulphate. Ip contact, with water it readily hydrates 
with evolution of heat. , 

Lithium sulphate does not appear lo unite with coliall. sulphate on 
heating in the anhydrous condition, but sodium ifiilphate yields the 
double salt, CoSO,.tlNa.SO,. which decomposes at I2.V C. * Willi 
potassiitm sulphate two compounds arc obtained, iiiiriu iy, ( oSO,. K 2 S0 4 , 

*, Vortmnnn, lier.. 1882 , 15 , 1S8R. 

3 Thorpe arid Watts, he. eit. 

8 Vortmnnn, hr. ml. • 

1 lUlii rmann, Mannish., 1SS4. 5 , 332. 

5 Athanasrsco, Compt. rend., ISsil, 103 , 271. 

* Meigen, ('hem. Xnilr., 1005, i, 1353. 

' Tiittnn, Trans. CJinn. Hue., 1*13, 65 , 337: /7a/. Trane., 1013, 1 , 2l5, 1. 

I Scott, Trans. Chfm. Soe.., 1807, 71 , 3:17, 

* Scott, loe. r.il. ', 

10 Miiller, /’«p</. Anmlen, 1800, 96 , .710. 

II (troshans. 111r . Trar. ('him., lS30, 4 , 230. 

18 Tobler, .1 nnalm, 1 s.v>, 95 , I!I3. 

U Lepierre and Lachaud, Hull. Sue Mm.. 1802, 7 , 000; ('ompl. rend.. 1802, ire, 11.0, 
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uhfolj decompose^.-ifiovc 5(50° C’.'Jand SCoSOj.KjSO.,, which crystallises# 
«u I ul 7!Hi ( . 1 1 ' i 

Potassium Cohaft Sulphate, K ,SO. l .('oS0 1 .GlI,0, is prepared in 
•Jin annlujmux in.-iliner In I he ammonium saltt ridr supra). Its solubility 
in water is riven as Follows “: * 

Temperature ('. . 0 la 20 30 * 40 40 

(hams ii| , *K.,S()|.('o.'?()| • 

in lOt) mains 11,0 . I!FI 30 32 a ,301 510 CHi 81-3 

It'i"l>CMriity is 2-212., f 

Cobaltic Sulphate, CVjfSO,).,. LSlI.,0, is obtained by elect rnlysis* 
of <-ol i.-i ll oils r .sul | ilia I e in a platinum dish, wlifeli serves as anode, the 
eathode consistiii;; ( ,|' a platimnn wire immersed in a porous cell con¬ 
tainin'; dilute sidplmrie arid. The salt is deposited as blue silky needles 
round the anode. It is soluble in water, yieldin'; an unstable blue 
solution wliieli evolves oxygen, the salt lieiny reduced to eoliallous 
sulphate. Upon exposure to air the crvslak eraduallv deeoinpose. In 
Conlaet with hydrochloric arid, elilorine is evolved. :l 

Cab,lit Alums , M,S(),,( o,,(,s(),)..2 lll.,0 

, 

('olialtie sulphate, like the sulphates of rhodium and iridium, unites 
with the'sulphates of the alkali metals ty yield a series of well-delined, 
crystalline sijlts known as alums. These are isoniorphous with those 
of ini’,i, manrauese, chromium, and m'uininiuin, and form an interest¬ 
ing link between these metals and the central vertical column in 
Croup VIII of the Periodic Table, of which column cobalt is the first 
member. 

Ammonium Cobalt Alum, ( NIt ,),SO, i 2 (S<). 21 It ,<). was first 

prepared by Marshall, 1 who. from a peculiar elianye in colour observed 
in the clcetro'ysis of a solution of copner-cobalt potassium sulphate, 
was induced to elect roly sc a solution of ammonium and cobalt sulphates, 
acidified with sulphuric acid in a'divided cell. 

The solution passes Ih roof'll a series of chances of colour, allini.atelv 
beeoniiui; greenish bliu^in eonM'ipu'iiee of the oxidation of the cobalt 
to the Irivalenl slate. This sum'ested the formation of an alum, and 
by eonliniiinjr the electrolysis for several days, and then concentratin'; 
the solution, blue octahedral crystals were'obtained, a few crVstals, 
showini; faces bf dodeeahedra and cubes. When thorouifhlv dry the 
crystals pre not unstable, bill their solution is quickly reduced, although 
the addition of dilute sidplmrie acid increases its stabilitv. 

Potassium Cobalt Alum, K.Sl),,CnySO,)., .2 ULO. was obtained 
by Marshal! mixed with potassium sulphate as blue oetahedra in a 
simijar mapner to the preeedinj; salt. * , , 

•Rubidium Cobalt Aluin, Rb,SO,.('o,(SO,).|.2UI.,0. and Caesium 
Cobalt Alum, fs,S(),.Uo,(SO 4 ) ;l . 2141,(). have likewise been prepared 
by electrolysis/’ the alums formin'; at the anode. They crvstalli.se out 
as minute, deep blue oefahedra, stable in dry air. but decomposin'; in 

1 Ciilowini amt Marotla, dntalla. 1913, 43, |ii], 3SI). 

a ToMrr, In', at. 

3 Marshall. Trims, Chan. Soi\, ISO!. 50, TOO; (\imnx, Ann. Chitn. Tints., 1005, fvtitt. 

6, 50$. * t » 

4 Tror, Ho if. S<>,\ Kilin., ISSfl 7, 14, 205. * 

1 5 ,1. !,. Ifowv nut! O .NV.U, J. Amer. Chan, $ ISOS, 20, 750; Tojiaux, loc. cit. 

r* ' 
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nir*to coliultmis and alkali siilnhalc. In w»lcr limy rujiifily 
decompose, evolving oxygen. the rob,fR briny reduced lo tlit- divalent 
cobalt mis condition 


COBALT AM) SKI.KM I 'M 

Several selenijes of cobalt are know,. namely . 1 Co.Se. (j>Sc. Co.,Sc,. 
Co.,Sc.,, and CoSe,. They are all Mimic dccomposid by hydrochloric 
acid and by hydrogen . Idoride at hiyli lcni|ieratures. llydroyg,- 
converts the three last-named selenides into the su.V.sflenide al^lii'ile 
4 icnt; and if the process is prolonged a niixlure nl metallic cobalt and 
selenium ultimately remains. Healed in o\yyen. oxides of selenium 
and cobalt result. 

Cobalt Subselenide, Co 2 Se. On reducing either I lie sesipiiseleiiidc 
or trieobalt tetraselenide in a current of li\ ilroym at bright red heal t lie 
subselenide is obtained as a brilliant silver-while mass. 

Cobalt Selenide, CoSe, is yielded in an aiiiorplioiis condition bv 
heatimr cobalt in selenium vapour. It also results when hydrogen 
seleiiii'e is passed over cobalt oxide, or prelerabK' I lie anliv droits 
tdilorate, at bright red heal. 

^Fricobalt Tetraselenide, Ce.,Se,. is obtained in the crystalline 
form bv heat in*; cobalt chloride t o dull redness m a mix I lire ol hvdri aren 
selenide or chloride in nitrogen. The resulting crystals ale ininule 
regular oetahedra. violet-grey in colour ami isoinorphoiis v, it h limm ili'. 
Co,S,. Density liul at la i'. • # * 

Cobalt Sesquiselenide, Co .Se.,. is formed by passing hydrogen selenide 
over cobalt chloride at dull red heat. It is a grey amorphous mass. 

Cobalt Diselenide, CoSr_,. is obtained in a similar manner lo the 
precedin'.; compound as a violet-grey and friable mass which readily 
loses selenium on healing. Consei|Ucnlly it is necessary lo erase 
Ileal in:' when the eiirrenl of hydrogen selenide is slonped* and lo cool 
in an atmosphere of nitrogen. 

Cobalt Selenite, CoSrO.,.‘J11,0. orilaim-d by double decomposition 
of sodium selenite and a soluble cobalt salt, i a beautiful red-violet 
crystalline powder, insoluble in water.- . $ 

' Cobalt Diselenite, CoSrO.,.!jcO,. is prepared by concent rut iop of 
a solution of the preceding salt in. selenious acid at UU C. It yields 
mieroseopie ervslals of a ifbcp \ iolet colour, insoluble in cold* water, and 
but sparingly soluble in hot watmv 1 . * 

Cobalt Triselenite, CoSr().,.-.'Set b. ICO. lias Ijini prepared in 
analogous manner . 1 . • 

Cobaltous Selenate, ( o.Se()|.(iIL,0. is In own . 1 When a neutral 
solution of Ibis salt is heated in a sealed tube lo •J.'ill (., an insoluble 
bask 1 salt is ohlaint d «in tl*e form of small red needles, lo jv Ijieli J lie 
formula KoOdiSi^),,. II„() lias been given." * ^ • 

Cobaltic Selenate, Co,i SrO,V, . bsIKO. is an unshibfi sail obiamed 

bv electrolysis ol cobaltous selenate at III (.' 

• 

1 ]*7»n7.rs-T)iac«jji, ('"iiifl. 1V^ ! , 131 , “"I. 

- Xilson, Hull.*!"?, (him., IJm.t, 23 , '’o.'t. 

a Xil-stm, Inr. rit.: iiniit/.oiiioann, Ann. (' , >im. II J \ i!. 18 , 1!MK 

4 Xil<on, 1<<r. cit. * , 

To,,v.„; Mv \ riiristianscn,M a//, ( him. Vlnj... I* v 74. 1 , ~2. 

* 6 ltugrian, Hull. Snr. rhim IVW, Q, oMi. 

7 (’opaux, Ann. ('him. I‘h>j'., Jviiij, 6 , Vis, 
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COHALT /ND .TELLURIUM 

Cobalt Sesqtiilelluride is obtained t in the hydrated form, 
('(i.,Te.j. UI.,0, iis ;i black precipitate when absolution of solemn felluride 
:s added In one nftfubail acetate in dilute aqueous acetic acid. 1 Hydro¬ 
chloric and sulphuric acids are without action upon it, but nitric acid 
effects its oxidation. Si 200" ('. it loses water, and at red liaat, tcllu- 
riinii ; if healed till no furthVr loss in weight occurs, Cobalt Mono- 
te Unrid e, ('oTe.yis obtained as a grey, crystalline substance of metallic 
lliTns"- ‘ t 

Cobalt Jellui ite, C'oTeO.,. 1 1/), results‘ as a dark purple-blue 
precipitate when sodium tellurite solution if» added to one of cobalt 
chloride. 3 When heated lo .'tOO tOO'’ C. it melts without change of 
colour, and loses water. 


COHALT AND CHROMIUM 

Neutral solutions of cobalt salts produce with potassium chromate 
a reddish brown precipitate of hydrated basic cobalt chromate, 
CoO.CoCrO,. Aq. This reaction may be utilised in detecting small 
quantities of cobalt. 4 f 

Cobalt Chromate, CoCrO,,. is prepared by heating cobalt carbonate 
and chromic acid solution for several hours at 1S5" C. in a sealed tube. 5 
It yields grgVish black crystals, readily soluble in hoi dilute nitric acid 
(contVast nickel chromate). The dihydratc, CoCrO.,. 211,0, is obtained 
by the interaction of eobaltie acetate and potassium chromate. It 
yields bronze-coloured prisms or leaflets. 5 * • 

Cobalt Dichromate, CoCr,().. 11,0, is obtained by beating ail 
aqueous solution of cobalt' carbonate and chromic, acid to a high 
temperature. It occurs as black deliquescent crystals." 

Double Chromates. Several double chromates containing cobalt have 
been prepared. .Iinmiminin rtibnll rhniinalf, (NH.,),CrO.,.CoCrO,.(111,0, 
is obtained by interaction of aihmonium chromate and cobalt acetate 
in aqueous solution <at low temperatures, 5 and the corresponding 
cimiiim ('nl)iill rliromai ,■ is known. 1 '’ Other complex derivatives have 
beep described. 7 

COHALT AND MOLYHDENUM 

i l 

Numerous complex molybdates of cohalt have been prepared anti 
described. 8 

Qobalt Molybdate, (.’oMo0 4 , occurs in nature as tlie mineral 
pntrnntt'. It may be prepared artificially l>v fusing sodium moiyl>dato 
with I he chlorides of sodium'and cobalt, ‘.The product is greyish green 
in ijoloiir.^ The monohi/ilnilt\ Co.MoO,,.II 2 0* has also been prepare^.® 

* 1 Tildials, J. Anirr. Client, ■'foe., 19(*0. 31 , 002. 

** .Margot tot, Thtse tic Paris, 1S70; Til»bals,7or. fit. 

8 Lenher and Wulesensky, wo reference amt note. ft. 124. 

4 11. WVil. /lull. Hoc. chin{, 1011. 9 , 20. 

8 Briggs, Zeitseh. ttnorij. Chi m.. 1000, 63 , 32f>. 

0 Briggs, ibid., 1007, 56 , 240. Compare C>my,rr. % Ziilsch. anorf. Chim., 1908, c 8 , 412; 
1900, 49 , 10 ."». 

7 Freese, Pogij. Annnlni, 1870, 140 , 2f>l ; ‘Malagutti ftttxl Sar/oau, Ann. Chim. Phys ., 

18411, 9 , 48! ; Crethrius, Annnlen, 1SS0. 201 , S. « v 

8 Sott.l T Uik. Annulai, 1S07, 1 * 44 . 282, Seliulze. jmdt. Clmn ., 1880, 21 , 440;«Friod* 
heinmnd Keller, Iter., 1000, 39 , 4801 ; Kliawhyvitseh, Ziilsch. Krysi. Min., 1918,52,300,% 

•? Schulze, A/nullat, 1807, 144 , 282, t • * v 
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COBALT AND NITHOCKN 

When cohalt has been ^maintained at'ml heat 0>r a considerable 
lime in an atmosphere of pifre nitrogen. it becomes less readily attacked 
by nitric acid, possibly because of the formation oj a trace of nitride 
upon its surface. 1 . 

Cobalt Nitride, Co 2 N or to ,N'„. lias been prepared* by healing 
cobalt in ammonia vapov.^to a little hflow fd 10 the mosl favour¬ 
able temperature being *17() f ’ C. The metal slowly combines with tile 
Siitrogcn. some per cent., of the gas being ahsftrfied.- — 

Cobalt nitride is a dyll grey powder. readily soluble 111 hydrochloric 
and sulphuric acids, yielding eobaltous salts, the nitrogen being liberated 
as ammonia. At (iOO C. it evolves nitrogen, .so that the formation ol 
cobalt nitride can only proceed within very narrow limits of tempera¬ 
ture. It is completely decomposed when heated in hydrogen or steam : 
in the latter ease the reaction proceeds slowly. 

Cobalt Azoimide, Co(N a ),. and a Basic Azoimide, N : ,.Co.OII. Iiav< 
been obtained in mixture by Curtins 3 as a violet powder. I’nlu.s 
niifm coballo-azoimidc, KN' 3 .to(X 3 ).,. is obtained as a bright blue 
crystalline precipitate wheif eoneenlrated solutions of the two azo- 
imides are mixed. It explodes at 225° C. The iniwiiniiiim analogue, 
NII|\ : ,.( , o(\ i ,).„ has also been prepared. 

Nitro-cobalt, Co.,(X<) 2 ), is obtained as a black mass when nitrogen 
peroxide suitably diluted with nitrogen is passed over reduced eyball. 4 
Water decomposes it vigorously, cobalt nit rat r* wit h very little nitrile 
is produced, together sometimes with a baste salt. When healed in 
nitrogen it evolves nitrous fumes, then decomposes with almost 
explosive violence, leaving a mixtui#' of cobalt and its oxide. 

Cobalt Nitrite. .No nitriles of cobalt have as yet been isolated, 

although basic salts 5 and double nitrites of cobalt and other metals 
have been prepared. 

Potassium Cobaltous Nitrite, 2MS'(),. Co( X0 2 J.,.,rlI ,<), is obtained 
by adding^iotassium nitrite to a neutral solutiop ol Cobalt chloride. It 
is precipitated as a yeljow, hydrated mays, widely is soluble in hot water 
to a red solution. 6 

Tin' Ciilmlli-nilrili's 

The cobalti-nitritcs have beep grouped by lioicnhcjyi and Koppel ' 
into three classes or types, namely : 

1 . 3H 2 O.CojO 3 .0 XjOj 4-a'lLO, Jiexnnitrites or yellow cwbalti- 

• , ni^rit < s. 

2. 2R 4 0.Co» 0 3 .-tX,0 3 ~ ,rll,(), tclrunilrites or red eobnlli-nitrilcs. 

* 3 . 2H»0.Co 4 ( ) 3 j0 3 * -.rIl.X). trinitrites. 

As the authors point out. it does not. appear to be generally po*,ible 
to determine the constitution of these substances by ordinary physieo- 

• 

* St. Kdme! Comp!, raal., ISsti, 109 .3<U. 

i jicilt.V and HoniVrsen, Tram. Clam. Svr.. I'Kd, 79 , 1251 ; Nahatier and Sr-nderr-ns 
Ann. ('.him. I'hyr., IstHi, 7 ,-lit. The formula Ci>,N, m|iiin s |«r rent, of nitrogen. 

> Curtins and Uifsom, f. frail. Chum.. IKftS, |ii], 58, gill. 

« Abstirr null Sonden-ns, Hull. Sir. rhim.. 1M«, |iiit. 9 , W.K 

* Hainpe, Anmli-rt. ISti.'t 125 , 241!; Suzuki, Tratnt. Clam. Sor , 1*410, 97 ,,729. 

* Erdmann, prall. Clam.. Isiiii, 97 , tlsii. 

r Roseqjieim and Kitypel. ZnCc^’a/lorij. Vhrm.. 1898, 17 , 35, 
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clfeijiieal mrl Im^sf fm- some (ft them arc insoluble in wfiter, otlferS 
in• ri dissolved after (Tt'Alallisafion without decomposition, and 
vet of Iters Iiuyc ji<A been prepared in a stillieicnlly pure state. There 
ran be lillle doubt, however, that they are'not simple double salts, hut 
complex bodies, analogous to the eobalti-evunides. whiel/are discussed, 
'ill a later seel ion. ‘ 

* ' c 

.Type I. :ilt,0.t'o.,(V.(iN ! .,0 ;l or ltA'o(NO.,) e , (lobalti- 
, liexanitriles or Vellmv CobtjJti-nil "ites. 

""Pstassium, Cobalti-nitrite, K.,(’o(N() 2 ) J .,rII 2 0, is the most familiar 
example of J his type. It is also known as rvhnlt //Wtee and Fischer's 
still in honour of its discoverer . 1 It is readily prepared by adding 
polassium nil rile lo an axpicotis solution of a soluble cobalt salt aeidilied 
xvith aeelie acid. It results in a very pure condition when cobalt 
carboiialc is suspended in an ni|iicous solution containing an c<|uivalcnt 
amount of polassium carbonate or nitrite, and treated with nitrous 
fumes (resultin«r from the action of nitric acid upon arsenious oxide) 
until i I lias suffered complete decomposition.* The amount of combined 
water varies from 0 to t molecules according lo circumstances. " * 

e ll is a. bright yellow, crystalline powtldr, insoluble in water, aim on 
account of its stability or “inertness” is used as an artists’ pigment. 
II is it very pure compound when prepared as indicated above, for 
neither iron nor nickel yields a corresponding derivative ; it is therefore 
valiml for painting porcelain, because the blue colour produced on 
baking is correspondiitgly pure and beautiful. Kurtherinore, as lias 
already been ment ioned, Mic salt yields a valuable met bod of separating 
nickel from cobalt (see p. ‘it). 

Sodium Cobalti-nitrite,’ Nn.,(*o(N() 2 ) B , is best, obtained by the 
action of nitrous acid upon a suspension of cobalt, carbonate in the 
reipiisite (pupility of sodium nitrite solution. The liipior, which at 
tirsl becomes reddish tirown, after several hours assumes a deep brown, 
almost black eolour,”is littered, aitd the sodium eolialtinitrile in solution 
is precipitated by the addition of absolute alcohol . 3 t uiiiiitigliam and 
Perkin 4 prepare I be sy1 1 by dissolving 130 gratis of sodium nitrite in 
hot. water and. alter cooling to 13 .10 t'.. adding 30 grams of cobalt, 
nilntle milil all has dissolved. Glacial aeelie acid is now added, and a 
rapid current of air is aspirated through to ivmovc oxides of mitogen. 
On addition obaleoliol the sodium eolvilti-uitrite separates out. 

The salt may also 5 be prepared by adding li.'t grams of cobalt 
acetate ‘in dilute licet ie acid® to a solution of 220 grams of sodium 
nitrite in too e.e. of water. ‘ , 

Sodium cobalti-nitrite, as*obtained by flic foregoing methods, is an 
orange-yellow powder, readily soluble in Nvatcj, yielding an intense 
brownish 'ellow solution,* which decomposes on healing. Danimer 

1 IV. Kischrr, /Ml /,/. Aninilrn, ISIS, 74 , 121. The sump salt was discovered, a , 41 a rent Iv 
independently, by St. Kvre (■/. /mill. Climi., IS.11. 54 . St; Cun, nl. mid., IS.11. 33 , Ifl(i). 
See nlso Krdtuann, ./. pm/7. ( 7s m.. Isntl, 9 7 , as;, ; Sadder. .1 nn r.d. Sri.. 1S10. 49 , IS!). 

: Koseoheini and Koppel. !<•<’. rit. ; liny, Tr.'ii,. (, h> m. Sor.. Itlii/i. S 9 ,'.‘,11. 

3 Kosenheim and Keppel. hr. rit. * 

4 Ciinmn-iiam and IVrkiit. Trims. Chon. XV., 0.109, 95 ,, i,192 ; Ourvess and Kuttitn, 

J. Airier. ('linn. .See.. 0.112. 34 , ti-12. 

4 T. II. Adie find T. B. Wood, Trim?, ('linn. Surd 0HS1. 77 , 1071*. See also Saltier, 
Artur. J.h'n.. IS70. 49 , ISO. 

*■ 4 atKI e.e, water and lIMI e.e. plaeial aeetie arid, 

. • 
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» 

jiys me gmi us having 2f molceuktf.of wafer. •Either the salt*tn 
which he refers was not dry, or else,»t he alcohol ilscd in preparing 
Cunningham’s specimens dehydrated them. A characteristic reactiim 
of the solution is the precipitation by it of potassium, ammonium, 
barium, or 1,%'ul cobalti-nitilto when added to a solution containing a 
soluble salt of one of these metals. 

Sodium Potassium Cobalti-nitrite, XaK,l o^\u 2 ) u . jl 2 (), results on 
adding a* solution of sodium cobalti-nitrite to a solution of potassium 
chloride acidified with acetic acid . 1 Trtc salt is obtained as*a yellow, 
precipitate, one part of wliicli reipiires 20.000 parts of water for itseom- 
plete solution . 1 The conditions given must beVfhcfwIJy adiielru to, 
otherwise precipitates of .varying composition are ohlained^urording to 
flic relative proportions iff sodium and potassium. 

Ammonium Cobalti-nitrite, 4( Nil l ) J Co(N«.,) ( ..:JlI,,(), was first pre¬ 
pared iu 1850 by Gibbs and (lentil. Krdmaun 2 obtained it by the 
action of ammonium nitrite upon cobalt chloride solution acidulated 
with acetic acid. It may also be obtained by adding scmicarba/idc 
to a solution of sodium cobalti-nitrite 3 and hv double decomposition 
of solutions of ammonium chloride and sodium cobalti-nitrite; or by 
addition of nitrous acid to a suspension of cobalt carbonate in the 
rcqUisite quantity of ammoAium nitrile solution . 4 lu all three cijj.es 
the salt is precipitated out. 

Ammonium cobalti-nitrite is a yellow powder, almost insoluble in 
cold water, yielding on warming a yellow solution, which simultaneously 
decomposes. When dry the saitais quite stable, and may tie kept for 
months without decomposition. * 

Barium Cobalti-nitrite, Ra ; ,|l'n(N(),), i ].,?HlI.,0. is most con¬ 
veniently - obtained as a precipitate by addition ot sodium cobalt i- 
cyanide to one of barium chloride? It is yellow iu colour, and mil 
quite so stable as the alkali salts . 4 

The corresponding double nitriles of easiwni , 5 nihidjuni, 1 ’ silver , 4 
and lead , 34 have also been prepared as insoluble yellow precipitates. 
Hosenhcini and Koppcl attribute 12 *molecules of water to the last- 
named. whtlsl, ('iinningliam and I’erkin find t molecules of water after 
the salt has been driedjiver phosphorus jn ntoxiiV'. 

Type 2. 2R 2 0.t'o 2 0 :l . tNJ) a , Cubalti-tetra-nilrites or Red 

• Cnlialt i-nit rit <s. 

Red Sodium Cobalti-nitrite, 2Na s 0.l o 2 <).,.-tX,()„.• -To obtain this 
salt, nitrous acid is added to a suspension of cobalt carbumdV in 1 lit: 
requisite quantity of sodium nilritf- solution until a reddish Brown 
colour ^attained. The liqufir is evaporated liy exposure over sulphuric 
acii^, leaving a reddish brown crystalline powder of the above composi¬ 
tion . 4 Alcohol does n?it preeijiitate Ibis salt.l'rom its aqueoiA dilution, 
neither is a pit eipftale olilaiued*wit li a soluble potassimp salt. In but h 
these lentures, therefore, flic red sodium cobalti-nitrite differs from the 
yellow sail already described, t'oiitinmd treatjm lit with nitrous oxide 
converts the red syll into <hu yellow derivative. 

1 't'. li. Adit- and T. It. Wunit, 1m. cit. 

2 tirtlmnnn, J.y.akt. Chin., 1800, 97 , 385. 

3 Cunnimibain and Perkin, lor., cit. 

4 Rosenheim and K up pel, loc. f it. 

6 Kosenbladt, 1880, 19 , 2531. 
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'Red Barium Cdbaltimitrite^l»uq.C\>A-WVlolT.O.^-On pass-’ 

jug fiilroiis oxide into a suspicion of cobalt carbonate in a solution 
or't Ik r<-i| nisi I «■ oiuntity of barium nitrite a deep red solution is first 
formed. This is tillered off before the wlmlc of the cobalt carbonate 
Inis dissolved, ami evnporaled over sulphuric' acid at room/cmperaturc. 
At lirsl a little of. I he vellt w barium cobnlti-nilritc separates out, but * 
finolly deep red crystals are obtained. appearing grcy-.’iolVt by rellectcd 
li'ehi under I lie microscope. 1 The crystals (ran not be rcdissolved'in water. 

Red Strontium Cobalti-nitrite, -SrO.. tN/) ;1 . MILO, may be 
irc^jjircd in an (analogous maimer to the barfum salt, which it closely 
'cseihblcs, 1 ( ’ ' , 

Potassium and ammonium derivatives of fbis type have not been 
isolated. <twine to the insoluble character*of their yellow cobalt i- 
nilriles no intermediate red salt seems to be formed during their 
preparal ion. 1 

Type B. 2l{/).('o/J. ] .:iN, , /). 1 , Coballi-tri-nitrites. 

Zinc Cobalti-tri-nitrite, 2 Zn(). IW),.JiN/>,. 11II/), is obtained by 
double deeoinposilion of red sodium eoballi-nilrili: and zinc chloride 
solutions. On rimenitration over sulplqirie acid at. room tempera 5 
tmV small crystals of the zinc salt are formed. 1 These are {Jeep 
red, almost black ill colour, and probably belong to the monoelinie 
syslem. 

' Silver Cobalti-tri-nitrite, 2Ag/M’o/>.,.:iN.,0 :1 .:iIf,.0, occurs as a 
brownish grey, mieroe^yslalliue pre/ipilate on adding silver nitrate 
solution to a eoneenlraleil solution of zinc cobalti-nitrite. 1 

Cobalto-cobalti-tri-nitrite, -('«>().('<>/) : ,..'IN/) ;1 .,rl 1 /). On pass- 
ing nil roils oxide into a suspension of cobalt earbonale in water a. 
brown solution is obtained from which small, almost black crystals 
separate on concentration at. room temperature. These are usually 
conlaminnled with red crystals of cobalt nitrate. 1 Analysis shows the 
crystals to have Ihe.eoinposilioii, 

•-'toO.t'u/L.tiN/);, | t’o(N() u ) i -j- ltll/ 5 . ,. 

It is uneertaiii whctllvr the iviball. nil rale is tin integral part of the 
molecule or simply an accidental impurity. 

Cobaltobs Nitrate, to(N(may lie obtained in the anhydrous 
condition by the action of nitric anhydride, or ii solution of this in 
nitric a<>id upon ki>c hydrated salt/ 

11.» is a slightly pink powder which decomposes at 100° to 105“ C., 
evolving nitrons fumes. ' , , • 

A solution of eobaltous nitrate in water is readily prepared by 
dissolving.!lie oxides or carbonate in dilute nitric acid. Slow evapora¬ 
tion yields r, 'd, monoelinie prisms of l|ie hi\riihi/ibat(, ('o(N().,) 2 .(ilI 2 0, 
of density I Stt.- 1 The crystals are very slightly deliquescent in, moist 
air; over concent rated sulphuric acid they ellloresee. They melt at. 

V* to a red liquid winch, at higher Jemperalures. thickens, becoming 

1 Rosenheim anti Koppel. Un\ cit. 

3 (Juutz ami Martin, Hull. Hoc. chim 1009,.5, 1004. Sec Ditto, Compl. rend., 1879, 
89 , on. 

* Marignuc, .1 nn , Mine*, 9 , 30. 

4 Old way, Amtr. ./. Sci., 1839. 27 , U ; Funk, Zcitsch. anorg. Chan., 1899, 20 , 393. 
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irrjcti, an<j decomposes evolvin'; brow-i l'umes leaving a residue oof 
oxide. The solubility of the hexahydtjjtc in water is*as follows 1 f 

Temperature ° 0. . . . -21 - jo 1 (J • IS 41 56 

Grams Ci>(NO s ). per 100 grains • * 

solution . *41-55 43-89 44-85 46-tW 4!l-7:’> tintlli U2-SS 

A solution of eokaltous nitrate saturalfd al If C. lias a density* 
of 1-575., Between -- lit 0 and 41“ the eoinpasition of t^ie saturated 
solution at any temperature is given hyalite expression 1 : 

Co(NOj) s *-f- ( 121 .su ()-10177I)ll 2 O., 

There is no evidence of the existence of a hlnVu/tlrttfi'. NVItfli tin 
hexahydrate is kept at WO' to tit) ('. in maw, or when niched and kept, 
at 70“ to 7 1“ three ifloleeules of water are lost, and the UHit/tlnili', 
Co(NO. | ).,.;SlLO. crystallises out in large, rhombic prisms. These melt 
at!)]" ('.. but do not lose any more water without decomposition. 2 The 
solubilities of the trihydrate in water at various temperatures are as 
follow: 

Tempera! lire " C. . 55 <!2 70 S t 01 

‘Iranis Co(NO..)., per 

100 grams solution 01-7-1 ilg-s.s (it-so (is-,si 77-21 

There is a break in the solubility cun c of the salt at 2- ' ('. which 
is at I ributed by Funk to the formal ion of a iiuiiiilii/iliiili' at lenii|ijratures 
below this point. This hydrate has not been isolated, although the 
corresponding nickel salt has been prepared and analysed, ills solubility 
in water is as follows : . 

Temperature" C. . 20 • 2U-5 4 20-5 

Crams ('o(N() :1 ), per 

100 grams solution . 38-15 • 40-40 12-77 

Addition of ammonia in excess to a solution of eoballous nitrate in 
the absence of air results in the depositibii of rose-eoloun d crystals of 
the hexamvwnintc.'-' Co(N().,).,.(iNll ;; .yII 4). 

A double nitrate of cobalt and bi.uiiuth. Ut o( N"(2Hi(N'<2 H I a <), 
has been prejiared as red crystals, melting at 5.V and of density 213 
at 10“ C. 4 • 

liaxir nilnili’x have been di*eribed.-' 

Qobaltic Nitrate. When a concentrated solution of eoballous 
•nitrate is electrolysed it "a divided cell, it assumes a deep indigo-blue 
colour, but soon returns to its original slate when t he current is slopped. 0 
Presumably the colour change is due to the ibrnialhtii in solution of an 
unstable eobaltie nitrate. • 

* • . * 

(OltAI.T AND PHOSPHORUS 

• • 

Cobalt Subp^osphide, t'oj’. This substance may lie o'btaine’d.by- 
heat iug linely divided (;obalt‘ witli copper plmsphidr in the electric 
furnace": bv beating pellets of tin- metal with red phosphorus in a 

1 Funk, lor. cit. 

2 Funk, lor. at .; J^-sro-ur, Aun.i'hnu. I'by is!l*i, 7,424 . 

3 Fremy, -tun. ( him. L’hy*., 1852. 35 , 257. 

4 Urbain ami Lacombe, n ml., 1 137 , 508. 

8 Winkplbloeh, Anrmlcn, 1835* 13 , MH, Habciinann, Mot,a (bit., Ifcfc4, 5,432. 

•‘Marshall. Trans. Chan. Soc., 1801, 59 , 700. 

* Maronucau, Compt.nnd., 1000, 130 , 050. 
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cnicible, covering '.villi barium* chloride, Mild raising to tl|e meltipg* 
point 1 : and by imposing rcduc^l cobalt at bright red heal to vaporised 
phosphorus I richloi^de. trihroimde, dr tri-iodide. 2 • 

Cnliall subpliAsphidc crystallises in grey poodles, melting at l:« 0 ° C., 
of density lit! In (Hi. and of hardness (i. At 020 C, it midcrgoes poly- 
pnorphie change. Jl dissolves in concentrated nitric acid, and is slowly 
allaeked by sulphuric and hydrochloric acids. „ 

Cobalt Sesquiphosphide, CoJ’ :l . is obtained 3 by raising anhydrous 
cobalt elfloride to red heat. In |f.iosphorus vi^iour. 

* Tri-cobalt Qijrhosphide, Co.,!*,, is formed as a black precipitate on 
redffiihg cobalt phfisphatc with a current of hydrogen ; and by fho 
action of hydrogen phosphide on cobalt chloride.' 1 

Tetra-cobalt Triphosphide, is staled to result as a light 

grey solid when reduced cobalt is heated to 500 C. in the va|)our of 
]ih< isphorns, 5 

It is doubt fid, however, if the last two substances ought to lie 
regarded as separate chemical entities. 

Cobalt Hypophosphite, Coll(did). This salt is readily 
obtained in aqueous solution by double decomposition of solutions of 
barium hypophosphite and cobalt sulplfute; and by dissolving cobah 
hydroxide in hypophosphorous acid. On concent ration I he''salt 
crystallises out. with six molecules of water, but becomes anhydrous 
at' I 0 U 

Cobalt Phosphite, ( , olll’0. j .2ll.,(), is preei]iitated as a red amor¬ 
phous compound on addition of ammonium phosphite to an aipieous 
solution of cobalt ehli’iride. 7 It is also formed on heating freshly 
precipitated cobalt carbonate with water and phosphorus trichloride, 8 
although in this latter ease the yield is small. On heating to ‘.'50 (’. 
the salt becomes anhydrous and 'assumes a blue colour. At hhdier 
temperatures it becomes incandescent, hydrogen being evolved and a 
mixture of phosphide and pyrophosphate remaining. 

Cobalt Metaphosphate, Co(l’(is obtained 0 by evaporating a. 
mixture of cobalt sulphate and phosphoric acid in a platinum dish, and 
subsequently heating tv !MM>’ C. It is deposited as a beautiful, rose- 
coloured, anhydrous compound, insoluble in water and dilute acids, but 
soluble in concentrated sulphuric acid. 

Several Orthophosphates have been described, 10 namely: 

‘.ToUI’Oj.511,0, ‘.’(’olII'Oj.JilLO, and (V.fl’O.,),. 

1 Selu'inlHfhtisrtniy .tail . v >elie|iete(l', /ritneli. nnurj. Clum., 1110 * 1 , 64 , 245. 

" (iranyrr, l'uni/)l. hint., I Slid, 123 , 170. 

;1 lo.ingT, ibid., l.S'.IO, 122, llS-i. , 

4 Utwf, AnntiUn, 18112, 24 , 11111 . 

* llrungor tintl ilnse, .Inn. ('him. I'li >/.*., 1S11S, 14, 40. 

* Ktise, 1'iitjir. Annul, 11 . I sis, 12, ST ; Wart/, i/tii/.T IHJIi, 16, HIS, 

T 'liitsc, Hid., IS27, 9, 40. , 

“ Uainmi le.c'v, /*,„/./. I mini, n. 1S|17. 131 , 1174 l 

* litaititretl, (’<nn. Son.. 1S 111 , 3 , 271!; H.'iiiU'fetiilV' an,! MaignUel. CV/ott. rt ml 
18811, 96, Sill. 

10 Drtnuv, .Inn. Chini. /% ., lSlil, 61, JUS, Boviiekrr, Annnlai, Isj.'j, 94, 1157, 
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COBALT AND JVBSKNIC 

Several compounds of cobalt and arsenic have fictm prepared. 

Tri-cobalt Di-aisenide*fo,,As... may he prepared by the aelion of 
arsenic ehlosidc on metallic cobalt j|J^ N()(^ 1 100 ('. ; or by heating 
mixtures ol arsenie and cobalt in hydrogen or carbon monoxide at this 
temperature. I."is also formed when powdcitd cobalt 4s heated in 
hydrogen ennlainino arsenic vapour, |ind \vhcii cobalt ar.tcii.ilc or 
arsenite is reduced by \v<Aoaen at 00.)' (’. Its densilv is audit: 
loses arsenie when stronolv heated. 1 

• Cobalt Arsenide or Cobalt Monarsenide, CoAs, is t/b'aincd when 
the previous compound's heated from 000 .SOI) ('., and‘when cobalt, 
is heated to‘27.5 335 ' C. in arsenie vapour.- It is a pvv crystalline 
powder, ol density 7-0'J, which tarnishes sli»htfv in the air. 1 

A substance bovine the composition reipiired ldr a Cobalt Sesqui- 
arsenide, ( o,As,, is lot'lncd at 100 OOO C., and this, a) temperatures 
Ik low too t ., is slowly converted into Cobalt Di-arsenide,CoAs,. This 
substance occurs in nature as the minerals simil/ilr and .vri///(in7f, the 
hinner l/eini;an important ore •i r yoball. If may also be formed by heat 
the cobalt in arsenic vapour from .‘{.So KI.VC.- Us density is (i!)7. It is 
2 ri'\A 11 colour, slightly oxidised by air. and decomposes above KM) t'. 

Cobalt Tri-arsenide, 1‘nAs.,. is found in nature as the mineral 
xl.u'ltrmlili-. and is formed wlen cobalt is heated in arsenie vapour 
between tod and ills ( .- Di-cotalt Pent-arsenide, Co.. ,Vs has been 
described.- 0 , 

Cobalt Arsenites. -When a dilute solution of cobalt nitrate is 
precipitated with sodium metarsenite, a v iolet blue voluminous deposit 
ol mlxill /ii/re tnsoiilc. Cn,As ,(), or tjf. nt). As.(),. is obtained. 11 

-’l'o(Nt),), : Na,As,() 1 j 11,0 tdy.AsJb, I■ 2\aNO :l j ”11 NO,. 

At red heat arseiiious oxide sublimes, leaving a dark bhic residue. 

An arsen te of coniposilion .‘tCoO.^Xs.O, is oblayied as an amelhysf- 
eoloured powder by the interaction of solutions of potassium arsenite 
and eobaltous nil rate. 1 It dissolves in caustic potash to a blue solution ; 
ammonia yives a brown colour, and potassium efanide a yellow. 

Cobalt Arsenates. The nnlyi iir.\iiiiih\ tbi ;l (As<S11 ). occurs in 
nature as ni/llirilc or cnbult blnnm in the form of monoelinic crystals 
Asomorplioiis with vivianife. FcJl’O,),,. fsl Id), and perhaps -wit h nickel 
ochre, Ni. 1 (Ax0 1 ),.,sIb,0. Its erystalinornphio elements are: 

ii : l ): c 0 7!>:t7 : l : 0-73nii. 1! 7 t"*5I 

The unciiale. Co,As,0-, 5 is known, as also various ammonium 
arsenates. 11 

Jin impure basic :n>ciintT is known under the name of and is 

used in painting porn lain. It may be obtitined by roast in" iron-free 
coball iU’, or bv audition of sod fun i carbonate to a solution of cobyftite 
in nitric acid, when the zaffre is obtained as a precipitate. 

1 P'Hellirz. Com jit. mol.. 1008, 147 , 421. * 

2 Bcutfll amt K. Lorenz. Ctntr, Mo?,. 10111, ]/. in. Sec also K. Friedrich (Mdallvryit 
1908, 5 , 150) for a study «*f tlu- alloys of cobalt anil arsenic 

* Itelcliarii. Her., 1,398, 3 V 21113. 

4 Gjjartl, Comjif. mid., I K.yy 3 ^ 018*: Jleirhar/I, Iter., 1 Ml 1. 27 ,•1010. 

4 t*efovro, .-bo?. I'lii 10 . Phi/*., 1802. 27, 38. 

* Ducni, Comfit, mid., 1000, 131, 1/7.0; Ann. Chim. Phijn., 1901, 22, 11/0. 

vol. ix: i 
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rOUALTil.NI),ANTIMONY 

r • 

Cobalt Antimonide nr Cobalt Mono-antimonide, CoSb, may he 
olilainril by direct union of antiinciiiy ami fobalt, 1 or by beating cobalt 
'in ;mtiinonv trichloride vatj'iour al 70(1 1 *200 It melts at 1101' 

ami lias a ijciisily old- at 0° ('. In air it undergoes slight oxidation, 
burns readily ii. oxygen, and dissolves in hot, concentrated sulphuric 
-grid. '* 

-Cpbalt Di-antimonide, CoSb,,* has also been prepared. It melts 
with decomposition’a'i S70-5' J ; density 7-70 at 0 C. In its ebemiet,d 

properties it resembles the mono-mil imouidc., 

Cobalt Antimonate, ('oSb 2 0,... r >ILO, is “obtained by precipitat¬ 
ing cobalt acetate will, a solution of anlimonie acid. 1 The precipi¬ 
tate is rose-coloured, becoming red on drying. When dried over 
sulphuric acid it loses three molecules of water, yielding the ili/ii/ilnilc, 
(‘oSb„()|..g||,,0, which at about .‘too 1 C. becomes anhydrous. 

Cobalt Thio>antimonite, (o^SkS,,, is obtained by precipitation 
from a solution of a soluble cobalt, salt with a dilute solution of potas¬ 
sium t bio-ant iiuonilc.* If is readily oxidised, and always contnii, s 
po tassium if prepared from eoneeiitraled Solutions. 

C0HAI.T AND CAIIHON 

Cobalt Carbide, .Carbon dissolves in molten cobalt, and at very 
high temperatures the,carbide. Co :l C. analogous to eementite. IV.,C, 
appears to lie formed. It decomposes so rapidly on cooling into cobalt 
and graphite that the carbide cannot, be detected even in (punched 
specimens. 0 

Cobalt Tetra-carbonyl, Co(l'O), or Co,(CO) H . This eonipound may 
be prepared' by .passing carbon monoxide at a pressure of to atmos¬ 
pheres over reduced cobalt at 1 a0" ('. The higher the pressure the 
more rapid is the formation of t)ie carbonyl. 7 It forms as line, orange- 
colourcd transparent ('ryslals, which are la st preserved by'hermetically 
sealing them in a glut's tube ir. an atmosphere ef hydrogen or of carbon 
imv.ioxide. Upon exposure to air decomposition takes place resulting 
in the formation of a basic cobalt carbonate. With bromine it yields 
cobalt brolniile and carbon monoxide : 

Uo(U>), | Hr, - Collr, + ICO, 

W’hitth suggests that the cobalt is divalent, and that the carbonyl is 
represented by the st rued oral formula: 


1 I.i'wkonja, Zcitach. anortj. ('linn., 190S, 51), 293. 

5 Duccllitr/., ('om/it. h int'., 1010, 150, !)8; 19uS, 1(7, 1048. See also I’ushin,,/. Hum, 
Phil*. Chan. Sor., 1907, 30 , 809. 

3 1 Wi'Uiez, lor. rit .; Lcwkonjn. lor. rit. 

4 Sondeivns, Hull. Sor. chim., 1 S!M>. 21 , 47. 

5 PoiiKCt, Conr t )l. rend.. 1800.123, 104. 

• KufT anti Kcilig, Zcitsch. uuorg. Chan., 1914. 88 , 410. 

T Mond, Hirtz, and Cowap, Trans. Chan. Sec., 1910, 97 , 798. 




CO -CO 


CO CO. 



COBALT AND ITS COMPOUNDS 67 

* It is insoluble in water, and but sfpwly attacked, by hydrochloric 
or sulphuric acid. Owing 11> its low Wipour pressure and ready dit* 
sociability cobalt carbonyl is less liable to produce a'.'uje poisoning; than 
the corresponding iron amj nickel derivatives. 1 The density of the 
crystals is T?;t. and their melting-point jl‘ The molecular weight 
determined ci;voscopically in benzene solution, imfieates that under 
these conditions the molecule is double, namely, (\\,(t'0) H . U'hen heated 
at (i() J ('. onc-ipeirter of the carbon moiyxide is evolved, and jet-black 
crystals of Cobalt Tri-Ciyrbtmyl, t’o(l't)),, are obtained. These may lie* 
purified by reerystallisation from benzene. O^vijig 1o their .light 
flilubilily their molecular weight could not be determined. At higher 
temperatures the tri-carbonyl decomposes to cobalt And carbon 
monoxide. 

Cobaltous Carbonate, I'oCO.,. When cobalt chloride is. healed 
to 1 H)' wit h a solution of sodium hydrogen carbonate saturated wit h 
carbon dioxide, tmhi/ilrtntx cobalt carbonate is produced as a bright red 
crystalline powder.- Iiy carrying out the reaction al a low temperature 
the hc.vahii<lratc, I'ol'Oj.tilljO. is formed as small crystals. :l A third 
hvdrale. namely, tit'o(‘JUT), is apparently produced when the 
hexahydrate is maintained aj '.’O-l’.V (’. in contact with the saturated 
soluHlni. 1 • 

Basic Cobaltous Carbonates. Several of these haw; been 
described, although it may well be that many of them are not really 
separate chemical eidities. The three following substances were 
described by early workers. 6 " , 

liy the act ion of finely divided aragonite ii|x>n concent rated aipieous 
solutions of cobaltous nitrate, tit nt't) :l ..'it o((111), 11,0 is obtained 6 as 
a lilac preeijiilate, which is stable up,to SO ,Sj t'., lint loses a molecule 
of water at !(.V" t’. Treatment of more dilute solutions of cobaltous 
nitrate with aragonite yields (‘ol'0 :l .gt o(t)ll) 2 . also a lilac precipitate. 5 
Cu('0,.. - 5('o(0II), is obtained as a blue precipitate bv tin* addition of 
ealeite to concentrated cobaltous nitrate.* A piuk jiutassium cobalt 
carluiiHili'. K,('() :l .('oCO ;l . UI,0, has been prepared. Its solution 
becomes blue on boiling, returning to its pink colour on cooling. It 
apparently yields a complex negative ion, ('n(CO.f),’. 7 

Cobaltic Carbonate does imt.iappear to be capable of existing iiwlhe 
solid state. When' an oxidising agent, such as hwlrogcn peroxide or 
sodium hypochlorite, is added to solutions of cobaltous salts in the 
presence of excess alkali hydrogen carbonate, a given solution, and in 
concentrated solution a green precipitate, are obtained." .!<*!> a has 
shown that when oxidation is effected with hydrogen peroxide at 
ordinary* temperature the green solution contains trivalent, cobalt, 
and that for each atom of cobalt present, one molecule of carbon dioxide 

1 Armif,./ Ilicjhm. IU118, 9, -V.). , * * * , 

2 Bertrand, Juhrb. Jfi/iir., lss.'l, 2, rtf. Kit; de Si-naimonl, Ann.^kim. Phyr , ytSI, 

32, lot!. • t 

3 It. IH'ville. Ann. ('him. Pin,*.. 1X51, 35 , '111. 

1 It. IX'vilte, lor. rit. Sen nlsn Xanty, Ann. Chino Phi/*.. Itllg. 27 , ." 1 ; tttitt, 28 , 77. 

•’ Hertz, P<*i 7. Anmdtn, 1X41, 6lf472« Itose, ihiil., Is,31, 84, <3.31 ; Setti-llK-lg. ihirl., 

1 sao, iQ. , 3,3 ; tVmta'IliiVli, A minim, lx.'la, 13, gait; ;l,./. I In no Sue., I.Slit, 14, 48 . 

* Mi'O'-n, ('hiii,, ntr., lOpfi, j, ! iiliS. 

7 1’. it. Worst and H. O. Jones, Pror. Cumin Phil. Sue., till '7, 14 , I7J. 

8 K,TifUi, Quart. J. Chan. Sis'..* 1SUZ, 14 , ,3!; IJitis«i, Pr<m. liny. Sue. Edin., 1890, 

.17, S6. 

’ Job, Ann. Chim. I’hys., 1900, [viil, fo, 205. 
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is* revolved. Durrimt 1 concluded tkat the green precipitate consists 
Vssi illi,ally of coballic carbonlflc, hut Mctzl 2 eoneludcil that it is a 
mist lire of cobalt oils carbonate and cobalt, eobaltite, namely : 

CoUOji.CoUoOJ. 

, Cobalt and Cyanogen 

Cobaltous Cyanide, C<>(( N)_,.:iILO, may be prccipitateTl from a 
>oliilion of the chloride by addition of potassium cyanide. The precipi¬ 
tate,, which hi*.a,reddish colour, becomes violet at 100 ° C. It still 
retains its ci«oibinc(f water even at. 200° C., but at 250° C. becomes 
incandescent in air and leaves a black carburised residue . 5 The original 
precipitate is soluble in excess of potassiumVyanidc in consequence of 
the formation of soluble potassium cobalto-cyanide, K 4 Co(('N) 0 . Addi¬ 
tion of dilute hydrochloric acid causes the repreeipitation of the 
eohallous cyanide unless, in the meantime, the solution has been 
warmed, thereby oxidising the cobalto-cyanide tocobalti-eyanide, which 
is more stable (vide infra). 

Potassium Cobalto-cyanide, K ,('ott‘N) c , as mentioned above, is 
produced when eohallous cyanide is dissolved in excess of potasSiuTB 
cyanide solution. It may be precipitated from solution by the addition 
of alcohol . 4 Its aqueous solution contains the ion l’o(I'N),", so that 
the formula for the salt, is K|Co(l'N ) 6 rather than tKCN'.(o(t'N),. r ' 

When a)i air-free aqueous solution of potassium cobalto-cyanide is 
boilhl, hydrogen is cyolved, the vo'umie of which equals that of the 
oxygen absorbed if the ,solution is rapidly oxidised in air, but to twice 
that volume during slow oxidation in air. An explanation for this 
apparent anomaly is given helow^ , 

Nickel Cobalto-cyanide, N’i A o(l'N) 0 , is obtained 0 as a golden 
precipitate on adding nickel sulphate to a solution of potassium cobalto- 
cyanide. O.i dying the salt turns green. It dissolves in excess of 
tiie potassium spit, yielding Nickel Potassium Cobalto-cyanide, 
K 2 Nil'o(l‘N)„. 

Cobaltous Cobaltb-cyanide, Co 2 Co(('N) 8 , is obtained 6 us a red 
])reeipilate on addingVohalt sulphate to a solution of potassium cobalto- 
eyiyiide. It dissolves in excess of thv potassium salt, yielding Cobalt 
Potassium Cobalto-cyanide, K.Col'ofUN),. 

Zinc Cotydto-cyanide, /n 2 ('o(('N), i . ill ay be prepared 6 ' as an 
orange-red precipitate by adding potassium cobalto-cyanide to an excess 
of zinc,sulphate,solution acidulated with sulphurous acid. It may be 
dried without change unless ligated to 110 - 120 ° C. when it turns 
violet. It dissolves in-excess of the potassium salt, yielding Zinc 
Potassium Cobalto-cyanide, K 2 '/nC'o(('N)„. 

. CobaJti-cyanic Acid, Hydrogen Cobalti'-cyanide, 1I 3 Co((’N),.IIi,0.— 
The free acid may be prepared by decomposing a eqneontrated aqueous 
solution of the 1 potassium salt with sulphuric acid, a slight excess of the 
latter being added. The mixture is warmed, and upon addition of 
alcohol potassium sulphate separates out, the hydrogen cobalti-evanide 

1 Durmut, l*toc. Chon. Sac., 1800, 12 , 244; Tran*. Chem. Soc., 1005, 87 , 1781. 

* Mot/1, Zcitech. anonj. Chon., 1014, 86,, 058. , 

■ Knnimolslu'rn, Poyj. Aiinakn , 1S37. 42 , fi t: 1848, 73 , 111. 

4 Dthsoamps, .lw«. ('him. I'iyi., 1881, [vj, 24 , 108. 

1 H 6 ssi, (iaz'Mta, 1915, 45 , i, 0. 

• Alvarez, lUv. R. Acad. Cicnc. Madrid, 1000, 8 , 103. 
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•enabling *in solution. Evnponition ’ and rcervstqjlisation of # I no 
resultin',' product yields the pure, acid ifive from sulphuric acid. 1 I, 1 * 
nniv also he obtained by d< ''imposing I he copper or i. ad salts in aqueous 
solution with hydrogen sulphide; and l>v decomposing the eineol 
derivative \v ‘h water.- Hydrogen cobalti-cyanide "rystallises from 
concentrated aqueous solutions ii minute, colourless, transparent 1 
needles. It has a strongly acid reaction, and readily ^Iceomposes 
carbonates. It dissolves many metals when in a line state of division, 
yieldin',' stable salts, hydngen gas being evolved. It readilv ansorby 
moisture from the air. its crystals deliquescin';. It is also soluble in 
ideohol. lint not in el her. At 100' (’. its combined wal t is expelled, 
and at a somewhat higiiei temperature hydrogen cyanide is evolved, the 
acid becoming yellowish in colour. At 1!I(U it assumes a green colour, 
becoming blue at 250 J and when strongly heated becomes inean- 
cleseent, leaving a black, carburised residue. 

Ammonium Cobalti-cyanide, (NII,,) :1 ( , o(CN),.II/). results on neu¬ 
tralisms the free acid with ammonia. 1 A more convenient method 
consists in decomposing the barium salt with ammonium sulphate 
solution. On tillering off t lie insol utile barium sulphate and concent rat- 
1111 ,' the liquor, ammonium cobalti-cyanide crystallises out. 3 It crys¬ 
tallises in colourless, transparent tablets, which readily dissolve in 
water, but. are less soluble in alcohol. At 225“ decomposition sets 
in. ammonium cyanide and carbonate being evolved, leaving a blue 
residue. The molecule of water cannot tie expelled from the salt 
without simultaneous decomposition. 

, Barium Cobalti-cyanide, Ha...(Co(('X)„|,.Ar|.. is a convenient start¬ 
in''-point Ibr I lie preparal ion of o! her metallic cobalt i-evanities bv double 
decomposition. If may lie pivpnredjiy addin'' barium carbonate to a 
solution ol the live ‘"'id ; but a better method consists in exposin',' to 
aerial oxidation a mixture of cobalt sulphate and the cyanides of 
hydrogen and barium. The salt crystallises out in colourless prisms, 
which are readily soluble in water, but not in aleojiol. They contain 
some 20 fir 22 molecules of water. 4 

Potassium Cobalti-cyanide, K.,C'o(CN) r Cmcliu first prepared and 
and described this salt.* It is readily produced he the oxidation of the 
cobalt(i-cynnidc by warming its.solution in the presence of air. ’J'liis 

• reaction is interesting, for when the solution is rapidly oxidised by 

atmospheric oxygen. 5 twirl* as much oxygen is absorbed ys corresponds 
to the equation : • 

2K ,Co(CX)„ 11,0 -p 0 2K ; Co(('X)„ 2KOII, 

the excess of oxygen remaining, at the* close of the reaction, as hydftigen 
peroxide* 

If, however, the oxidation is allowed to proceed slowly, only a 
slight excess of oxygen*is absorbed, and the .amount of hydi’ngfti per¬ 
oxide resulting is phoportionately low. ( 

This* is readily cxplaiiuM on the assumption that tlie reaction pro¬ 
ceeds in two stages, in accordance with tlie thcijry of Engler, 0 namely : 

1 Zwenger. Annabn. 1847, 62 , Vjf. • 

* Bneyei nrul Yilligcf, Ibr., 11*01, 34, 2079. 

3 West* 1 sky, Sihunrj'ibtr. A knit, ll v.y. Wbn, 1809, 6o, 201. 

* We^ulsky. lor. rif,; Z wenger, lor, rfl, 

5 M^nchot an<J Herzog. Ibr., 1900, 33, 1712! 

• 6 Sec Engler ami \Vil«l. Ibr.. 1 SOT, 30, 1009: Engler and Weinberg, Ibr., 1SH8, 31, 

*3046; Engler, Her.. 1900,33, 1091. 
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(j) Direr I oxidation of the cohnltq-eyanide wit h a rnolocu|p of oxvge* 
jeeording to the scheme : 

‘.'K,,('u(('\)# f 211.0 ! O, -■: 2 K ;i Co(£N) 6 | ‘-’KOII 11,0,. 

(ii) Indirect oxidation of the eobalto*ovau'de with the hydrogen 
icroxide ; t Inis : , 

,‘->K.,('o(CN) 8 I 11,0., ■- 2 K,Co(CN), -|- aKCflT 

Iii the first ease of rapid^oxidation hv atmospheric oxygon, the 
■idireel reaction has lit lie I inic to make itself f<*lt. liy slow atmospheric 
xidalion, howevTr, Ijie indirect reaction has a pronounced effect. 

On hoilinS a solution of potassium cobalto-eyanide, hydrogen fs 
evolved in amount, equivalent to the oxygen required for the slow 
oxidation. 

Potassium cobalti-cyanide may also be produced by the addilion of 
dilute acetic acid or hydrogen chloride to a solution of the eobalto- 
eyanide in excess of potassium cyanide. The acid liberates hydrocyanic 
acid, which reacts as follows : 

2 K 4 ('o(CN), •! allCN 2KjCo(CN) ( -| 2KCN + II,. 

Ujinn evaporation the salt may be obtained in yellow, anhydrofls 
crystals isomorphous with potassium ferneyanide . 1 Density 

finally, potassium eobalti-eyanide results when fiseher's salt 
(potassium cobalti-nitrite) is added in small portions to a warm, eon- 
rent rated sijlulion of potassium cyanide. 2 Nitrogen or nitrous oxide is 
evolVed and the soluljou becomes yMlmv. On cooling, the potassium 
eobalti-eyanide crystallines out, in pale yellow needles. r 

Cobalt Cobalti-cyanide, l'o ; ,|l'o((‘N) l .|,.,rl!, 0 , is formed as a rose- 
coloured, amorphous, and somewhat gelatinous precipitate on adding 
potassium eobalti-eyanide to cobaltous chloride solution. At 100 ('. it; 
loses water, becoming blue 2 in colour; ill higher temperatures it 
becomes nnkydrpus. On exposure to moist, air the blue salt readily 
absorbs water, becoming pink, /avenger ascribes I t molecules of 
water to the pink salt. It is completely soluble in ammonia. Potas¬ 
sium hydroxide yieldsMilue basic salts which on standing of boiling are 
converted into rose-etdoured owballous hydroxide.* 

Cupric Cobalti-cyanide, (’u,|(’o(('N) r ,| a , is obtained as a blue pre¬ 
cipitate when potassium eobalti-eyanide is added in sufficient quantity • 
to completely precipitate a copper sulphate * 1 solution/’ It is insoluble 
in acids, Im! readily soluble in ammonia. It is decomposed by hydrogen 
sulphidr, copper, sulphide being precipitated and hydrogen cobalti- 
cyanrde remaining in solution. J'roin which jt can be obtained by 
eoneenlration. The ammoniucal solution pf this salt yields, omevapora- 
tion, small blue crystals of a diammoniate, C'u. ! |t'o(C’N) 6 |,.gNU. i ..‘ilI,(). 

■Ferrous Cobalti-cyanide, l'V : J('o(t'N) 8 |,, «is precipitated ns a 
slightly yellow amorphous mass on mixing solidions,of ferrous sulphate 
aml |K)tassium'cobalti-eyanide . 6 The corresponding ferric salt has also 

1 Tupsoe, Sitzinigabcr. K t Ahiil, H’iVm, 1S72, 66 , 5. 

a Bosenlmim ami Koppel, Zt-ilwh. anorq. (Jhnn„ 1898. 17 , 35; Braun [Zritsrh. anal, 
Chem ISOS, 7 , ,*113) status that potassium cyanide nas no action!upon Fischer’s salt, hut 
this is incorrect. 

3 Zwengor, Annalrn, 1847, 62 , 157. «• ’ 

4 Miller ami Matthews, J, ^mcr. Chm, Sot 1900, 22 , 02. 

* Zwenger, lac, cif. 

* Miller ami Matthews, loc. cit. 
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v>e>;n pre|pml. If precipitated from hot solution^ it is yellow *in 
colour. Imt in the cold a greenish precipitate is obtained after standinn 
for a few minutes. This precipitate l>. comes yclUrv on boiling. 

Nickel Cobalti-cyanide, \i ; 1 |C'o(('N) 6 |..l‘ 2 li. i! (), may be obtained by 
precipitating a nickel salt \Vilh hydrogen cobalti-cyanide 1 or with the 
potassium salt. In the latter case the p'.ceipitat, is not pure. Imt« 
contains potassium cobalti-cyanide. The salt is. brglil blue in colour, 
insoluble in water and acids. With ammonia it yields a blue solution 
from which crystals of the :unmoniate. !,i 3 |t'o(C'N) u |.,.‘2NU.|.7ll a (). ma\i 
be obtained on concentration. 

• Silver Cobalti-cyanide, AgaCo(('N) 0 , is a while curdy precipitate, 
insoluble in dilute acids but readily soluble in ammonia Potassium 
hydroxide converts it 'mainly into silver oxide. The ammoniacal 
solution yields, on Concentration, the monammoniate , 1 

. At-;,('o(('X) c .Nib,.11,0. 

Lead Cobalti-cyanide, l’b J |t'o(('\) ll |.,. HIT), is prepared by the 
action of hydrogen cobalt i-cyanide upon lead carbonate . 1 It yields 
laminated crystals, soluble in about three parts of water. The salt is 
,iot precipitated by addim; potassium cobalti-cyanide to a solution of 
eith.r lead acetate or nitrate. 

Sodium Cobalti-cyanide, X T n.,('o((’N) (1 . UI 2 <), is obtained by 
neutralising the free acid with sodium carbonate, 1 excess of either 
reagent being avoided. On concentration the salt crystallises in 
transparent, colourless needles which readily dissolve in wider, bet not 
in alcohol. At 100 ('. the salt becomes anhvdious. at higher tempera¬ 
tures it melts and decomposes. 

llismulh. cadmium, cuprous, manganese, mercurous, and zinc 
eobalti-eyanides have likewise been*isolati d . 2 

The rare earth metals yield heavy. mierocrvslallinc precipitates of 
cobalti-cvanidcs of general formula .M..(rol',.N ll ) a .!)ll ,(). , 

They are lad sparingly soluble in water. In dilute hydrochloric 
acid their solubilities vary somewhat, the yttrium s’alt being some three 
times as soluble as that of erbium, a fact thatenables the two metals 
to be separated in tideway . 8 , 

Cobalt Thiocyanate,( o(('NS) J ..rI 1J), was obtained by Meitzi ndorff 4 
as a result of dissolving coball carbonate in hydrogen thiocyanate,‘and, 
jlcscilbing it as a ycllowiuh brown crystalline mass, alIribuled lo it the 
formula ' 2 t o(('NS).,. II 2 (). ilosoidieim and Cohen 8 pif pared I he hi- 
lii/ilrutr , Co(CXS).,. 011 , 0 , in an analogous manner as violet crystals, 
appearing red by transmitted light, and belonging to the‘rhombic 
system. On solution in water thrv’yiehl a blue colour which becomes 
pink on dilution. In alcohol a deep blue colour is obtained. 

Oossmunn and Ilijnsek* 6 prepared tli cIrtrahi/ilrtil?, Co(CX'S) 2 . tll 2 0, 
bv double dcconyxisitiou of solutions of cobalt sulphate aflit baTiym 
thiocyanate. The solution is itt lirst red. but become',blue on eotaeen- 
tration, and after remaining in riirnn for some time, deposits beautiful 

1 Zwonger, AnnnUn, 1847, 62 , 157. 

2 Miller find MatfV"'*. I° r - n7.; Th? Fischer ami Cuntze, Chun. Zeit., 1902, 26 , S72. 
Organic derivatives art* described by Wngencr and Tollens, Hu 1900, 39 , 410. 

J ('. .James and Willand?./. Amrr. (J,nn. Sor.. 1910, 38 , 1197 

4 MeitzendnrfF. l't,gg. Ann.ilni., 1842, 56 , fill. 

6 *Rosenheim and Cohen, Znhrh. anorg. Chun.. IWfl, 27 , 280. 

5 tlrussraann and Hiinseler, Zeit->ch. quorg. Chun., 1905, 46 , 501. 
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wine-fid rhombic frystals. Tht'se arc, unstable in air, becorryng brown, 
Mil opaque upon prolonged exiatsiirc/ 1 

Tlic IVillowini'^Iiflililc salts have been prepared 2 : 

1‘iiliixxiiiin folmllo-lhiimjtniatf, K,,Co(( . til/); 

Smliiiin ciilialfo-thidi'jiaiKlIi', Na 2 ('u(('NS) 4 ..Sl( ,0 ; * 

Ammonium roliallo-tliinri/anate, (NII 1 ) s Co(CNS),.4T,L.O ; 

Itariubi rol.altn-tlliori/aiiatf, BaCofCNS),. 811,0 ; , 

SilVrr colmlto-lhioei/tinale ^ilark blue), AgCo(CNS).,. 211,0; 

Cirxium rolmlMhinq/aimtc (blue), Cs^Co^'NS),.2ll.,0; anil 
Ctrxiuin silvn-cuhidlo-lhiocij/niulc, Cs^Ag.l \ >(l'NS) g .211,0 (pink). 

Cobalt Nitni-n/amdex 

The close similarity lietwecn the constitution of the eobalti-nitrites 
ami colialli-evanides naturally leads one to inquire whether or not the 
radicles (NO,) and (CN) are inlercliniigcable, To a eertain extent this 
appears to be the ease, for the following salts have been prepared 3 : 

Na 8 Co 4 (CN), 0 NO.,. 1111,0, K,Co 2 (CN) 9 XO,.aII,(). and 
A« 4 t , « 2 (l"N) t0 .NO : .i!H a O. 

COBALT AND SILICON 

Di-cbbalto Silicide or Cobalt Subsilicide, Co,Si, is obtained in 
grey metallic crystals of density 7-1 at 17 ’ C. and 7-2.S at 0° C. by heating 
cobalt with fi) per cent, of silicon in carbon erueibles in an electrie 
furnace. 1 It may also be prepared by healing cobalt 5 in.the vapour 
of silicon tetrachloride at* 1200-1 BOO” C. It is not magnetic, thereby 
differing from the corresponding iron compound. It dissolves readily 
in aqueous hydrogen lluoridl'; les* rapidly in hydrogen chloride. It 
melts at 1:127“ C.* 

Cobalt Monosilicide, CoSi, is formed as prismatic needles by 
healing cobalt and copper silicide in the electric furnace. 7 It milts at 
i:S00 ‘ C. in hydrogen", and has a density of (i-.‘!0 at 20 C. When heated 
in lluorine it. ineandesors, yielding lluorides. Chlorine deertmpoxes it 
only at a dull red heats, but it ijissolves slowly ii^ aqua regia and more 
rapidly in eoneenlrated hydrogen chloride. It melts at ItiOB" C.° 

Cobalt Disilicide, CoSi.,. results when cobalt is heated in the 
electric furnace with excess of silicon or with a mixture of copper, 
silicide and silicon. 1 * It forms dark crystals, probably belonging to the 
cubic system; density fr.'t; hardness t-5. Sulphur has no action on 
it, and oxygen at* 1200” (I. only effects a superficial oxidation. It 
incandesces in lluorine if gently warmed ; chlorine attacks it at j}00° C., 
and bromine and iodine at‘dull red heat. Concentrated hydrogen 

1 fior «tljwr resen when on this salt, sue Claus and drotthu.is, Aminhn, 1850, 99 , *>18; 
W:v(iIni, Zcif.-tch. nnorg. ('hem., 1000, 23 , 373; Treadwell, ibid., 26 , JOS ; Wernicke, Anal. 
Snc. (*hhn. Artjcntintc, 10111, I, 8 . 

1 (Irossnmnu ami Uiinscler, loc. eit. ; Walden, lac. Treadwell, loc. dl. ( V.mplex 
salts and pyridine derivatives have been described by Wells, Amer. Chnn. 1902, 28 , 
245; Shinn and Wells, ibid., 1 Vu>3, 29 , 474. 

* liosenheim and Koppel, Z(ii*ch. anorg. Chcm., 1898. 17 , 35. (■ 

4 Yigouroux, Compt. raid., 1805, 121, 080. 

4 Vigmirotix, ibid., 1900, 142 , 035. * , 

• la'wkonja, ZeitAh. anorij. Chan., 1908, 59 , 293. , 

7 Lebepu, Compt. retul., 1901,* 132, 550. 

, 0 l^ebenu. Ann. Chim. Phtn- 1902, |vi], 27, p71 : Compt. rend.. 1902, 1315 , 475 . 
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.Troride readily attacks it, as also do the fused hydroxides of the allfali 
metals. Hot concentrated solutions of hydrogen niloridc or oT tl^ 
alkali hydroxides attack it only slowly. It un its-. I )277 C, 1 

Two other silieides have heen described,* namely, CoSi., (m.pt. 
1307° C.) and Co ;l Si 2 (formed slowly at USD 1215’ C. in the solid slate 
from CoSi and Co 2 Si). 

Cobalt Orthcsilicate, Co.,SiO,. is obtained by heatiqg to bright 
redness a mixture of amorphous silica, and the chloride am^ oxide of 
cobalt. Excess of silica is removed by trealmcnl with conccntruhsj 
soda solution, the residue consistin'; of the orthosiliq-'e in the form 7>f 

violet ervsi alline powder. The crystals are isomot phous w it h peridote; 
density Hits. They are decomposed by hydrochloric acid.? 

Cobalt Fluosilicate, CoSil'’ 0 .(ilI 2 (), results when cobalt carbonate 
is dissolved in aqueous hydrolluosilicic acid and the solution allowed to 
evaporate. 4 It crystallises out in red rhombohedra. 

Smalt has been known for several centuries, having been discovered 
by Sehenrcr in 1510, who sold his secret to England. It is prepared 
by fusin'; cobalt oxide with silica (powdered quart/,) and potassium 
carbonate, and is thus really a cobalt glass or silicate. The cobalt 
oxide employed is in the form of ziijfrr or miffhwrr ; that is, partially 
roa :?cd sulphide or arsenide ore. the roasting being continued until 
the cobalt is mostly present as oxide and only sullieienl arsenic is left 
to combine with such impurities as copper and nickel. The quart/, is 
obtained by healing to redness and then disintegrating by -dunging into 
water, after which it is powdered in a mill. 

A mixture of /.a If re. quart/,, and potassium carbonate is now intro¬ 
duced into the small furnace, together wifli a little white arsenic 
(arseilions oxide), which combines with I lie iron, copper, and nickel, etc., 
present as impurities, causing tbelli to separate as a heavy regains 
below the liquid mass of glass, at the bottom of the melting-pots. 
After being kept at a white heal for some time, the glas^is ladled out 
into cold water, which effects its disintegration. The small is then 
ground and levigated. * 

Smalt fs an extremely permanent and inert .pigment of a deep blue 
colour. Its composition varies considerably. Ij.il usually within the 
following limits : 

Silica ... 00-2 72-11 percent. 

Cobalt monoxide . . 0-75 1-05 

Potash . . *. . I (i t!! I SO 

Alumina .... .suit 200 1*’ 

It is,interesting to note that one part of eoballous oxide will impart. 

a distinctly blue colour to 250 parts of glitss. 

• 

^ Lebeaii, Ann ('him. Phy*. 1002, fvi], 27 , L'71: Comp! rend , 1002, 13 .W *75. 

2 Lewkonjn, /r-if. 4 . 4 . anurg. Chnn., l'.MiH, 59 , 200. 

3 B^jtrgpois, ('omjit. rend., 18S9, 10 &, 1177. 

4 Botv.diuM, I’ogg. Annalcn, ln24, I, 198 ; Tojwip anil Christiansen, Ann. ('him. I'ln/t,, 
1874. I f 27. 

6 A Treatise on Colour Manufa<Jure, 9 Zerr ami Kubcnkatup, traiiKlalctJ by C. .Mayer 
(Griflin and Co., 1908)>p. 202. 
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COBA4.T aA t D TIN 

A few eompoiflids of cobalt and tin havc«been described. By fusing 
together at high lcni|)iTaliu'cs an excess of atannie oxide and cobnltous 
oxide, using potassium elloride as a tlux, Basic Cob&t Stannate, 
CoSn() : ,.CoO or Co,S^<) 4 , fs obtained. 1 The potayiufn chloride is 
removed liofn the cooled mass with water, whilst warm diluN 1 hydro¬ 
chloric a Aid effects the solid ion|of the stannate. The pure salt is dark 
green ill colour ; density (i-.'tO at IS 0 C. • 

Other salts are • Go bait Stannate, 2 CoSnO.,.(iII.,0; Cobalt Fluo<* 
stannate, l'o§ifl , ' 0 .oH a O, and Cblorostannate, J'oSnClj.GHjl). 0 

COBALT AND BORON 

By heating mixtures of cobalt and boron in a current of hydrogen 
at U00 12(H)" ('., du Jassoneix 4 has prepared two borides of cobalt, 
namely, the Sub-boride, Cod!, and the Di-boride, ColL. The former 
occurs as brilliant, steel-grey needles of density 7-i) at 20 ’ ('. These arc 
oxidised hy moist air and readily dissolve in nitric acid. Thcdi-borid* 
represents the extreme limit of eombiiailion of boron with iron. 
Evidence oft lie existence of a Mono-boride, Col!, has also been obtained. 5 

Cobalt Borates. Several borates of cobalt have been described. 

The Tetra-borate, CoO. HU).,. 1211,0, is obtained c by slow evapo¬ 
ration ol a solution of cobalt carbonate in boric acid. The precipitate 
first formed gradually Incomes crystalline, rose in colour, but becoming 
blue on calcination. The dccahydrated salt. CoO. Idt,(),.]0ll,<). has ‘ 
also been prepared. 0 

By fusing cobalt chloride with potassium hydrogen lluoridc and 
boric oxide, two borates have been obtained, namely, 2Co0.1!,0., and 
,‘t('o(). 15,0.,. the latter as rose-coloured rhombic crystals. 7 

Cliloro," bfomn, K and iodo 9 borates are known. 

• * 

DETECTION AND ESTIMATION OK COBALT 

Detection. - Ihi/ ?%lx. Salts of cobalt are'usually of a rose-red 
coinin' when hydrated, and yield a beautiful blue colour in the borax 
I lead test provided they are not present in excessive amount, otherwise 
the bead beconv's opaque and appears black. When heated on charcoal* 
with reduction mixture in the blowpipe test, metallic cobalt separates 
out in the form oftsmnll magnetic beads. When strongly heated with 
nlumirta a blue colour is produced,•known as Thcnard's blue. 

RV/ Tests. In (pialilativa analysis by Wet Methods, it. is usual to 
precipitate cobalt, along with any nickel, zinc, and manganese that may 
be present, by passage of .hydrogen sulphide thlough an ammoniaeal 

1 tledvall, .lrfei Kem. Min. (lent., 1914, 5, No. 18, # 1; Zfil-.rh. annrp. (Hein., 1916, 
96, 71. 

s lliltc, Compt. mill., 1 ss:;. 96, 701. 

1 .Kirgensen, Hull. Ariitl. Denmark. 1,805, 5 , 0, , 

4 Du Jasaouneix, Compt. mu!.. 1907, 145, 240: Ann. ('him. Phf/s., 1900, [viii], 7, 174, 

4 Du .lassnnneix, Kiphth Inter. Conpr. Applied ('III 'll.. 1912, 2, 165. 

* Ditto, Ann. ('hint. I'hij*.. 1889. 30, 248, ' . 

1 Ouvrard, Compt. rend.. 1900, 130, ,‘135. • 

* Rousseau and Allaire, ill III.. 189) 118, 1255; 1894, 115, 71. 

* Allairo, ibid., 1898, 127, 555. 
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olution qpntaining these metals in the'presence of apimonium chloride. 
The sulphides are dissolved in aqua rjgia. and excess of arid boiled aft. 
Sodium hydroxide or peroxide is now added, whereby the hydroxides of 
•obalt, nickel, and manganese are preeipitated. the zinc remaining in* 
olution. 'ihe' washed precipitates are dissolved in hydrochloric acid, 
■xeess of ammonium acetate added, and’’the suljfhides of cohalt and 
liekel precipitated with hydrogen sulphide, manganese .remaining in 
iolution. It now remains to separate the nickel IVi'im the eoljnlt. This 
navhe effected by Liebig's Cyanide Process. which consists in dissolving 
he"precipitates in aqua regia or hydrochloric acid with a little bromine, 
joiling off excess of acid or bromine, nearly nAifralisiyg with sodium 
■arhonatc, and adding potassium cyanide until the precipitated cyanides 
ire just redissolved. After again boiling, which converts the cobalt into 
jolassium cobalti-cyanide, K :i ('oC„N„, sodium hypohroniite is added, 
,vhieh precipitates black hydrated nickel oxide, leaving the cobalt in 
iolution. 1 The solution may now be evaporated to dryness with dilute 
iiilphuric acid, and either tested for cobalt bv the dry methods mcn- 
ioued above, or the presence of cobalt eonlirmed by any of the 


reactions: 

(1) a-nitroso p-najihthol yields a red precipitate of cobalti-mtroso 
i-naphthol with acetic ackf solutions of cobalt salts (see below). , 

(g) Potassium thiocyanate yields a blue colour with solutions of 
•obalt salts, a blue alcoholic layer being produced on addition*of amyl 
alcohol or of alcohol and ether to the mixture (see p. 71). and shaking. 

(;t) Potassium nitrite yields a yellow precipitate ol potassium 
cobalti-nitrite, Kj('o(N() 4 ){. when added to a solution ol a cobalt salt 
containing free acetic acid (see p. (iU). 

(I) Ammonium sulphide yields a black precipitate when added to 

an ammoniaeal solution ol a cobalt*salt. 

Estimation. Cobalt admits of estimation m a variety of ways, the 
most important of which, however, are: . * . . , . 

Gravimetric Methods. The main dilliciilty is to obtain the cobalt in 
the form of one of its compounds entirely free from nickel or other 
metal '/his may be accomplished bv the ewnide method described 
under ‘ Wet Tests ”, above. The station, after separation of the 
nickel is evaporated with dilyte sulphuric acid until white fumes are 
evolved. On addition of water a solution of cobalt sulphate resuIts, 
and the cobalt, niav be jfreeipitat ed in a variety of wavs for example; 
as oxide with hvpoluomilcs or pci-sulphates.- as sulphide, as cobalt;- 
nitroso B naphtliol, or as basic carbonate/* In each ease thy precipi¬ 
tate is ignited and reduced to metallic cobalt m a current yf pure 

^ Tlie procedure with a -nilrosa (i-nirphthol is as follows 4 : When 
iUs added to a solution‘of a cobalt salt acidulated with ac/die acic 
it yields a voluminous precipitate of cobalti-nitroso B-naphThol. Anj 
nickel originally present fcmnihs in solution, a very complete separation 
of the metals being thereby effected. Indeed, the reaction is so sensitive 


• Liebig, .Wen. 1848, «S. 87 , 128: F. Wiihter 

luhe, Zetltch. aml>Chem., 1866, S, hrnuss, tbtd., 1891, 3°. - 7 - 


1849, 70, 2. r )0 

7auhe, Zetlech. amtXChem., 1806, 5 , lb ; K 
1 See IJede, Chian. 1911, 35. |tn7.^ ^ 

! fl^skvTnd von^nom-,’ flf'r!’ 699, t£728 ; 1889*20, 283; C. Krnusa, 

anal Chem.. 1891, 30, 227 ; ilc Koninek, (them. Am, 1890, 62, 19; Copuux. 
8uU S*"lm.Uw. * 9 , 301: Chapin, j. Amer. Cheat. Hoc., 1907, 2 9 , 1029. 
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that fi distinct iiipbidity is prodficcd with sucli traces of eolgilt ns f# 
to lie precipitated l>v th<' nitrite p^occ/) described above. The nnphthc 
solution is somr^htft unstahle, and sliould lie made 14 ) fresh once ; 

• month by dissolving 4 grams of the solid f m 150 e.c. of cold glaeia 
acetic acid, and subsequently dilutin'; wfth an equal .quantity o 
*»hvuter. * , 

The requisite amount of this solution is added hot to one containinj 
the niekej and cobalt salts acidulated with acetic acid, and tfic whoh 
allowed to stand overnight. (*)n filtering, the precipitate is washer 
with 12 per eentt-hydrochlnrie acid to remove any nickel carried dowi 
mechanically \ytli thet'obalt, and after washing with water and drying 
the whole is 'incinerated with a little pure oxalic acid, and the cobalt 
reduced to the metallic condition in a currciA. of hydrogen. Copper, 
chromium, and iron are also precipitated by the naphthol, and should 
not, therefore, be present in the original solution. 

a-iUmrthjil filf/twhne may be used for separating small quantities 
of nickel from cobalt . 1 Excess of the glyoxinie is added to a boil¬ 
ing ammoniaeal solution or the cobalt salt, when the scarlet nickel 
a-dimethyl glyoxinie is precipitated.- p-diphenyl gli/onme (x-henzil 
dioxime) may lie used in a similar manner with corres])onding results.* 
convenient method 3 of estimating cobalt, and nickel in an*ore 
consists in decomposing about one gram of the last named with nitric 
acid and potassium chlorate and removing the insoluble residue bv 
liltration. Tljc solution is aeidilied with hydrochloric acid, a little 
bromine water added, and any iron precipitated as ferric hydroxide by 
excess of ammonia. Tfic solution is again acidified, and any copper, 
etc., precipitated with hydrogen sulphide. Ammonium chloride is now 
added and excess of a 1 per cent, alcoholic solution of dimcthylgly oxime 
to the boiling solution. It ‘is now rendered alkaline with ammonia, 
allowed to stand for thirty minutes, and the nickel dimethyl glyoxinie 
filtered oil in iwGooeh crucible, dried at 110 " U. for one hour, and weighed. 
The compound has the formula Ni(' s lI,.,Nand contains glKI.'S per 
cent, of nickel. The lilt rat t* containing the cobalt in solution is made 
strongly acid by Addition, of concentrated sulphuric acid and evaporated 
till fumes appear. This destroys the organic,matter present. On 
cooling, dilute hydrochloric acid is add^d and the whole warmed till 
all solid matter has dissolved. Its temperature is reduced to 50" ('., 
and a warm solution of nitroso (3-nnphtlml iiC50 per cent, acetie’aeid, 
added until precipitation ceases. After standing aTi hour at 50" C. the 
preeipita^e is washed with dilute hydrochloric acid, then with hot 
water.gind finally ignited, being wcjghed ns Uo.,() 4 . 

Volumetric Methods for the estimation of cobalt have been suggested 
at various times, but owing to the special conditions that have to be 
observed^ their utility is seriously curtailed. 4 * , • 

1 This affords a convenient method ot quantitatively determining the amount of 
nickcKn a sample ofcobalt- See p. 1 So. ‘ 

* The glyoxinie solution is prepared by dissolving 10 "ranis of the solid in a litre of 
98 per cent, alcohol. 

" Sen Hnllctt, Eng. Min. J„ 101.7, p. 857. , 

• For descriptions of volumetric methods seo Winkler, Zritn'h.tmal. Chrm.. 1804, 3 , 
120; Fleischer ,pm It. ('him., IS70, no, 48 ; Donath, Her. 1 1870, 12 , 18(18 ; Itiissler, 
Annate n, 1880, 200 , 723 ; II. H. Harris../. .tmeV-Giem. Sue' 1808, 2o, 173 ; Rupp and 
Pfennig, Ohem. Kelt.,' 1010, 34 , 322; Jamieson, .inter. Chrm. Sue., 1010, 32 , 757; 
Metrl, K.rit.vh, anal. Chem., 1914,* 53 , 537; tingle and 0u9tavaon, J. Ini. Eng. tfem., 
ISIS .8, 901. 
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Colorimetric Methods have frequently been suggested, 1 but of thtse, 
that originated by Skey and studied ,tjy several others 5 appears to J»c 
the most, ftscful. It hinges on the fact that pctugsiuin thiocyanate 
yields a blue, colour with solutions of cobalt salts, due to the formation* 
of cobalt thiocyanate, Oil adding alcohol and ether to the liquid, a 
blue layer is produced. This is destroyed ny nierei.rie chloride. sodiim> 
acetate, or sodium thiosulphate, and is masked*by the presence of iron 
salts inconsequence of the intense red colour of ferric thipeyanate; 
consequently these substances should Jiot be present when t he colori¬ 
metric test is applied. ’ 

In carrying out the test a small quant ity of situulard cobalt sulphate 
solution is taken, and acidulated with dilute sulphuric ncid.j Anmionium 
thiocyanate is then adifed and the volume of the liquid made up to 
10 c.c. A mixture of alcohol and ether is now added until the total 
bulk is 20 c.c. and the blue colour of the supernatant ethereal layer is 
compared with that from a solution of the liquid to be tested, and 
which has been treated in a precisely similar manner. 3 

Electrolytic Methods have also been employed.' 1 

,i Sw banipii(lius, J. ;.ruM. Chat. 1S.')S, 13 , 3S5; A Muller, ibiil., ISM, 60 , 471; 
Skev, Chnn. AY"',, 1SU7, 16 , 2U|. 

i See 11. \V. Vupel, Ihr., 1875, 8, 15X1: 1871), 12 , Ml I : Xiiiseh. amt. ('turn., JSS2, 
21 , WB, wlience frei|liellllv I,lit incurredtv lerilleil " Vepel's Mettled"; Murrell, tbit!., 
1877, 16, 251 ; Hell illk. Xiilirblinl Ti i'1'rlirijl I'lnini:.. t S' III, 11 , 4,'l ; ("11 III. /.fit 

lain 25 lull; Treadwell, ZoY.v/i. iiniinj. I’ll, in. mill, 26 , low; Keselltieim amt lllllrt- 
seliin’skv. Zriwh. anal, (’ll, m.. lltul. 40 , SOU; Ill'll. 31 , 2"5H. ‘ 

3 Full details an- piven liy .Mellnr.'.l TruUm ,m Qwinlilatirc hiorjtunc Jtinlj/.ns 
(Clias.bi illin amt t'e., till it). See also Metier, Tram. Eng.X'ir. Sue., 1908,8,132; Wullt 
Z.rilitfh.fiiial. t'ln »i.. !S7!I, 18 , 38. 

' See Metier, opes cil. 
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NICKEL AND ITS COMPOUNDS* 

NICKEL 

Symbol" Ni. Atomic Weight, 58-G8 (0 = 10) 

Occurrence. Nickel isu frequent constituent of meteorites (see Part II), 
in which it usually occurs alloyed with iron in amounts ranging to 
upwards of 20 per cent. It is also present in the combined state in a 
considerable number of terrestrial minerals, both as an essential and 
us a minor ingredient. Thus the nickelifernus Magnetic pyrites of 
Pennsylvania contain nickel up to some .TO per cent., whilst in Ontario 
nickcliferaux capper pyrites are worked with oidy 20 per cent, of nickel. 
Many igneous rocks contain traces of nickel, Clarke 1 finding ()-027t‘p <v 
cent, of nickel oxide as the mean of 202 analyses. The sulphide, NiS, 
occurs as millerile, nickd pyrites,or nickel blende, crystallising according 
to the hexagonal system; line aeieuiar structures occur in clay iron¬ 
stone at Merthyr Tydvil; hardness 3-5 ; density •CO-.TO. It is brass- 
yelloyy in coheir, easily fusible, and possessed of metallic lustre. The 
same sulphide associated with iron occurs in the mineral Peiilliintlitc, 
NiS.2l'VS, which is cubic; hardness .'i-5 ; density Hi. Pentlauditc 
was for some years worked at Glen Kssochossan, Inveraray, and contained 
some 11 per cent, of nickel. • * 

Other sulphides are Pnlgeritc, NiS.l'VS, named after the then Chief 
of the American Navy Bureau; hardness :j-5; magnetic in mass, but 
not in small grains. lilneitc. named after one of the chief Canadian 
Mining Commissioners, is NiS.,. 121'VS.,. It is not magnetic; hardness 
8-5; density T2. Wh[>rtaniti\ NiS,.?l'VS,; density 8-73 ; hardness 1. 

Nickel sulphate. f^iSO,.711,0, is occasionally found as the ortho¬ 
rhombic mineral moreximitc or pyrnmdnne , and probably results from 
oxidation of the sulphide. It occurs at*Cape Ortcgal in Spain, and at 
Ileiehelsdorf (Hesse): density 20. Nickel t;lluride, Xi 2 Tc.,, is found, 
as mdanite in California, in steely grey, hexagonal-crystals. 

Combined with arsenic, nickel occurs in the mineral niccolitc, 
nickeling or capper l nickel, NiAs. It is rarely crystalline, but when it is 
the form is hexagonal; hardness Trf>; density 7-5. Its coppery red 
hue is characteristic, only two other minerals, namely, copper arsenide 
and hreitliaiiptite or nickel antimonide, NiSb, bearing any resemblance 
tojtt 'f Ms latter mineral occurs at Andrcasberg, in t(je liarz, is usually 
massive, and open associated with a' considerable amount of lead 
sulphide. Crystals are rare ; hexagonal. 

Temisknmite, Ni 4 As, B is a silver-white mineral, with a tinge of red, 
which rapidly tarnishes. Hardness 5-5 ; density 7-!Kfl. It is found in 
caleite veins in Ontario. 8 Possibly this mineral is the same as Mauclierite, 
a nickel arsenide found in Thuringia. 3 ‘ The diarsdnideeft/ortid/iite or white 

l j * 

1 Clarke, Data of (horhemistrk, 3rd ed., p. (HU ; Bulletin 616, U.S. Geol. Survevl 

* T. L. Walker, Amcr. J. Set., 1914, 37 , 170. 

* C. Palmer, Econ. thol. % 19U. 9 , 0G4, abstracted in J . Chtm. Soc., 1915, log, fiil, 171. 

na A 
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diitkel, Ni^iSj, occurs at Cobalt, Ontario. It crystallises in imperfect 
cubes and cubo-octahcdra, and iV isoporplious with smaltitc. CoAsf, 
with which ft forms numerous intermixtures. It is«iij-whitc in colour': 
hardness 5-5 ; density (5-5? An orthorhombic diarsenide of nickel is 
known as Uammel\berj‘ite, NiAs 2 . llersdor^le comprises massive ores 
of nickel in The form t>f sulphide and arseyide in varying proportions,' 
and intermixed with iron and cobalt. Dcnsilf 5 0. 'Otter minerals 
are Ullmmitc or nickel ntibinc, XiSbS, found in the liar/ : density (Kl; 
hardness 5. Woljiiehite, Ni(SbAs)S, ailtl lininrilc. (CoNiFc^S.,. T]j» 
oxide NiO has been found in oetahedra, known as timisenilr. It was 
discovered by llergmann, in Saxony; hardnAs !>■!> ± density (It. 
Xieomelanc or black uiek»l is a rare oxide of composition approximat ing 
to Nio() ;1 . 

Xiekel bloom or nickel ochre, Ni 3 (As() ,) 2 . Nt Id )•. is an apple-green mineral 
found at Aimabcrg. Saxony, for which reason it is frequently known as 
.lniKibcif’ilc. It is most probably isomorphous with erythriie and vivi- 
anite. Its colour is characteristic. llnalaiixkilc is a hydrate silicate of 
nickel, iron, and magnesium to which the formula (N’il''eMy)..Si t O,. 2 li 2 () 
is assigned, (inniicrilc 1 or Xjnmieilc- is a hydrated silicate of nickel 
ahiT magnesium of varying composition approximating to the formula 
(NiMg)Si() : ,..rlI 2 0. It occurs at Noumea, in New Caledonia, t^rtl, 
prior to IttOa, was the main source of the nickel of commerce. It also 
occurs at Middle (Oregon), Webster (X. Carolina), and Itevd.T in the 
Urals. It is free from arsenic and sulphur, and eannot.^t herelbre, be 
regarded as a decomposition prdfluct of sulphides or arsenosulplfides . 3 
It is reallv a product from serpentine in widely the magnesium and iron 
have been more or less completely replaced by nickel. It is brownish 
yellow in colour, and contains varying amounts up to 27 per cent, of 
uncombined water. Density 2a; nardness 2-5. (Icntliitc, a hydrated 
nickel magnesium silicate, is closely related to Clarnierite. Nickel 
carbonate is found as Tc,ensile or aneroid nickel, an ujuorphnus mineral 
of composition corresponding to the formula .'iNiO A'O.,.511,,?). Hard¬ 
ness 3 ; density 2 (i. 

The presence of nickel in the sun's photosplicK- has been demonstrated 
spectroscopically. 4 

I’or the sake of convenient reference the foregoing minerals are 
given in the table on page .SO, together with their more important 
tphysleal constants. „ 

History. Alloys‘containing* nickel and copper have been known 
and used for several thousand years as witnessed Ijy the existence of 
ancient currency dating back several centuries before the birth of 
Christ.# Nevertheless, nickel itself was not recognised or isolated as a 
separate entity until (’rousted, about a . d . 1750, showed that niciolitc 
or jwpfernickel , obtained from a cobalt mine in Sweden, eigdaiiyd a 
new metal. A fu»v years later he succeeded in isolating this metal'in 
an impure form and termed it nickel. The word nickel is equivalent 
to “ goblin ” or “ devil,’’ and the term “ kupferniekel ” was one of 

1 In honour o{ Gamier, who discovered it in lsti.7. 

1 From Noumea. tire eapitrrl anil chief town, where the first attempt to smelt the ore 
on the island ot New Caledonia was made in I Hitt. Uveisidpe distinguishes between 
Gamierite and Noumeite. reserving the latter name (or the dark green, unctuous variety, 
and th? former for tire paler and more tare. 3 - 

3 Uamier, Compt. raid.. 1878, 86, 884. 

1 Ijockyer, Cumpt. rend., 1878, 86, 31,7. 
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depreciation ;i(>|>Iii d |o the mineral in qiii stinn because il appealoI In 
<-o 11 1:iin copper, yd yielded nimr. ( li;irU't«>n*su.s "Old Nick's 
copper " as nn ;i|i! translat inn uf kupleflhek.l. 

In 177.1 lleripuaim 1 }>rt‘p;ir<’<l sonic fairly pure nickel. In 1S(H 
II id 11 it showed dial (lie metal is malleable, duclilc, and possessed ol 
liijjli I ensile slrenyili. 

Nickel was fust refined on a commercial scale at Selmeebern, Saxonv, 
and for some years its chief ores* were those oeciirrino in the cobalt 
deposits ol Saxony and liohemia. In 1838 Swedish pyrrho!itc ores 
were found to contain nickel, and a plant was erected for working; 
tljcfn. ’Nickel was also found in certain Norwegian snlphidie ores, amt 
tttcfcc soon bee.-pnc the main source of the world's nickel .supply, to be 
superseded in 1877 by the New Caledonian’ore, (larnicrite. fn 1886 
snlphidie ores from Sudbury, Ontario, made their appearance on the 
market, and since 190a have been .the* main source of commercial 
nickel. 

Previous to 187!) nickel was only used in tlte manufacture of alloys 
such as nickel silver, but hjeitmann in Hint-year showed that the brittle- . 

1 T. v ’ llergniuim, A niccoln. cpusc.,2, p. 231 1 3, p. 45U ; 4 , p, 371, 
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'fce*# of tin* then commercial metal couTtl bo rcinovottoby the addition 
of small quantities i>T ma<rn<'sium. \\Yln»i refined in litis way the metaF 
could be wefded. and was almost immediately plaft 4 on the market 
in the shap< of cooking utensils. From that time to tlit' present the 
value of nickel for a large variet y of pmqioses lets I ecu increasingly 
recognised. The advent of the Great European War in till I still 
further enhanced ?,s importance inasmuch as it‘■found an enormously 
extended application in the manufacture of special steels for naval ami 
military purposes. ) 

Preparation. For laboratory |mrposes nickel ipaybe prepared in 
if variety of way., such as the reduction of it:.’oxides .with carbon, 
carl ion monoxide. 1 or liv f.'ogen.'- l!y reduction at low Itfiiperalures 
Magnus 3 succeeded in pliiaining pyrophoric nickel, and tiiis lias hecii 
conlirmed by Ipalieli 1 for temperatures below ’?(>’ C. 

Nickel may also lie prepared by electrolysis of ammouiacal, acidified, 
or neutral solutions of its salts, a process that is used eommereiallv for 
electroplatino."' It is precipitated by zinc from ammouiacal solutions 
of its sails.and is left as a residue on igniting cither the oxalate or the 
double nickel ammonium oxalate. Solutions of nickel salts are reduced 
b\ hydrogen when heated under pressure, metallic nickel being preeipi- 
lati d out of solid ion." Thus a N/a solution of nickel sulphate deposits 
na lallie nickel at isn't'.in the presence of hydrogen at 100 atmospheres 
pressure, whilst a similar eoneenl ration of nickel acetate deposits a 
pure nickel under like eondilions at Ills" (’. 

. T1IK COMMFliCIAF I’ltODt’CTION OF NICKFL 

Sources of Nickel for Metallurgical Purposes. Nickel ores occur 
in Canada. Norway and Sweden, llonfco, New Caledonia, Cuba. France, 
Germany. Greece, and the ITals. Most of these deposits, however, 
are small and unimportant. The chief sources of ni< kel fir industrial 
purposes are Norway. New Caledonia, and Ontario. 8 

Norway was at one lime the an alt si product r of nickel, but reached 
her maximum in ISTli. when I'.'..>00 tons of ore w re mined, containing 
some olio Inns of nickel The ore is slilnliidic in character, and asso¬ 
ciated with pyrrhotitc and ehalcopyrile. II contains as a rule from 
]■ f to 07 per cent, of nickel. 

, New Caledonia, an island situated in the South Pacific discovered 
by Captain Cook in 177-t. was atomic time used as a French convict, 
station. In ISO.) Garnicr discovered nickel there, bill its presence in 
commercial quantities was not. proved until 1S7k. The following^var 
over .‘J00»tons of ore were exported, an amount, that increased to 
01,laf tons in toil. 9 The ore known as Garnierilc, in honour of its 
discoverer, is a hydrated silicate of nickel and magnesium. It eojdajns 
on an average 1 to s per cent, of nickel based on the dry weigTit after 

1 Set- Wliarpy. Comyl. mi 7., 1!¥KI, 148, •'HID. 

5 See Ipati'il. •/. pmlf. Chin., 1UUH. { ii ]. 77 , ‘>13. 

3 Magnus, /%/</. Annul* n, ISlM. 3 , 31. 

1 JpatirtT,./. pndt. ('Jinn., jif!. 771 M 3 . 

s Set* p. I< M >, wh-r<- rebrenies ire i»iv»*n. 

1 J. L. IMvw, Chnn. S', ,r*, 9 |S7 t, 30, 

7 Ipatjjcff, Jkr.y HM1. 44 , 3-I3L'. 

\ *• Sot •/. f'hnmhr t'uwnnrfe, 10iD *ab.-tia»t<ti in 7. $•.*. Cl,an. hr 1 ., IDU't, 35, !. 
r *■ In 19l'» t!ic exportation of ore was only |.\.TT»i tons, but owing to war eonditiona 
jgijjjt' cannot be regarded as a normal output. 
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hcifling |o loo "V. In remove (he 25 per cent, of water. 'J8ie following 
may lie talo n as a fairly reprfi,cnt;(live analysis of the dried ore 1 ; 

Silica . . . . ■ . 12 00 per cent. 

Magnesia . n . . . ' . 22-00 ., 


Lime 
Alumina 
, I'Vrrie oxide 
Nickel oxide 
CohnU,,oxide 
Ma 1 oga'icse''oxide . 
Oliroiuic oxide 
Coinliined water . 


0 10 

1-00 - ., 
15-00 
0-00 
0-15 
0-70 
I races 
10-00 


Total . . 00-05 


For many years I his New Caledonian (ini merite was the chief .source 
of I he world's nickel supply. Iml since 1005 il lias lieen eclipsed hy 
sulphide ores from Ontario. The Commissioners appointed to investi¬ 
gate and report upon the nickel so; plies of Ontario published flu-ir 
opinion in 1017 I hat - : “ The nickel or<u deposits of Ontario are much 
inure extensive and offer heller facilities for the production of nickel 
at Im.v cost than do those of any other country. Niekcl-hi-nriug ores 
occur in many parks of the world, Imt the great extent of the deposits 
in this province. I heir richness and uniformity in metal contents, and 
the success of the -nduslry, point strongly to the conclusion that 
Ontario nickel has litll - to fear from competition." 

The reason for the rapid rise to importance of I he Ontario deposits 
is their tremendous extent. Whilst the New Caledonian ore may he 
estimated in hundreds of thousands of tons, the Ontario ores in the 
Sudbury area certainly reach seventy million Ions, and possibly extend 
to a! least twice that amount. In lul l slightly more Ilian one million 
metric tons of nickel ore were mined in Canada. Sudhurv ore consists 
essentially of three minerals, namely, pyrrlmlile, ehaleopv rite, and 
pentlaudite, accompanied hy more or less rocky material of i lie nature 
of granite, ipiarl/ite, etc.- 1 

•The pyrrlmlile or magnetic pyrites is essentially iron sulphide, 
Fc T S„ or fl-eS. I-'c.jS, ; ehaleopv rile or copper pyrites, CuFe 2 S.„ 

contains some .‘15 per eenl. of copper, whilst tjn- pentlamlile'i.tains 

the nickel as sulphide associated with iron sulphide, I Ims, NiS.2FcS. and 
eontahis approximately 22 per cent, of nickel. 

The origin of the Sudbury ores is a matter of dispute. According 
to the igneous or magihaloe theory tile three minerals sepaValed in a 
molten condition from the rock. An alt rnalive theory suggests that 
,tlte tAiVicruls were deposited as the result of cooling or evaporation of 
heated waters containing them in solution, and emanating from some 
deep-seated source of igneous material. 4 

1 Ul:is sit, liii'li: . 1 . 11 ^ Inin, mh,< ih In Xom'ilitt'olotoni,. 1OIM . A scries of typical 
mill lyses is given in the of the. Ilm/ithOnhrio AV/W Cti,innii.<i„n, Toronto,’1917 

j>. 24S. 

3 Opus eit. p. \NV. , 

3 Sec (’fleinar, The Xiektl Industry, IVpaitnuid of Mine>, Canada. 1011?; Barlow,, 
AY/wr/ the A tel<l and ('opt ./ Dejfvsits vf Sudbury. Oeol. Suivey. Canada, 10l* r . 

* See the l!< port of the Ontario Sirk'd Coin m is<ion , Tt >t onto, 1017, pp. 120-133 ; Tolnia!) 
Rnd Roger*, Hnginaring and Mining J. t 1917, 103 , 220. 
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Tn 1 SOT •nickel was mined in Kirkcudbrightshire to the extent of 
300 tons of ore. 1ml no further output lr.^ been reeonled. I T j> to 18J)()' 
bmall cjiijintit'ics of iixbuh.ii, containing nickel and cob; It, were mined 
in Flintshire. These have constituted the only sources of nickel in 
Great Britain . 1 

N“ ores are mined in the I'.S. for their nickel content, although a 
lew hundred tons are obtained eneh year as by-product fr*>in eo|i]ier 
ores. 1 lie l .S. is the largest producer of nickel, it is true, but obtains 
its raw material from Canada. 

In ItllU. owing to the demand for nickel for wm purposes, the 
i pfliiluelion o| metallic nickel in ( anada exceeded by | r cent, that 
of the previous Near. The figures are : 

101.) .... liH.tiOS.liaT lb. of nickel 

lit Hi .... NLV.IaS.jl! I 

An important discovery of nickel ore is reported by Calkins, of the 
I .S. Geological Survey, as having been made in San Diego Count v. 
Caliloruia. The ore seems to be similar to the Sudbury deposits, and 
occurs as an irregular mass in a dark gabliro. Assays of more than 
t per rent, ol nickel ha\r lie' ll obtained.-’ 

Nickel ore discoveries have been reported also in Silesia, Germane, 
and in the district of Ori\in, Bolivia. 

Till-! MF.TAl.U'llGY OF NU KIJA 1 

The processes involved in the reduction of nickel ores varv con¬ 
siderably. both with the chemical eomposilion of the ore employed 
and the nature of the product roouired. For example, the ,Sud¬ 
bury (Ontario) ores consist css' iiliallv of sulphides of nickel, copper, 
and iron. When pure nickel is rcipiircd it is. of course, essi ntial to 
renaoe the copper and the iron. Sometimes, however, -m alloy of 
nickel and copper, known as inunil nichtl. is desired, and it is usual 
then to remove the iron and siibsi-ipn illly reduce the mixed sulphides 
ol copper and nickel to the alloy direct. Mom I metal is thus known 
as a iiiilunil alloy, inasmuch as the constituent ele> inils have not liven 
individually isolated. 

Sometimes oxidised ores, such as Garuierite, are reduced for the 
direct manufacture of term nickel. Iml the bulk of nickel ore is utilised 
in the production ot commercial nickel. To this end lie methods vary 
somewhat in detail according to the nature ol (lie ore. Most processes, 
however, may fur purposes of description lie divided into two sections 
comprising (I) the production of lh ssimerised matte, and (li) the 
reduction ol this matte to metallic nickel, a process usually termed 
refini"£. • 

I. Tic Production of ]?t ssemerisi'd Malle 

(1) Treatment of Sulphide Ores containing Copper. Owing To 
the fact that the most important supplies of nickel ores consist of 
nickelilVroiis pyrites from Sudl>ur\ (Ontario), the inclhod adopted by 

1 St't* •/. f boirbir ('tnuH'/ t<u . I It I *>. 

: Tin Mi mill JndnAnj durwiy 1 ft! •». 1017. 25 , ."23. 

* For fcntlt. r »hi* r**.vkr i* r»*f**rVd to tin* U*)«,rt of fir Ibyal fhihiv, Nickel 

Commit-on. Tojonto. 1017; The .1/7m/>/ <f Nnfk'i irons by (lowland 

(irifiin and Co., 2nd vd., 101s); .1 W,/7 Mrir* -7;tby Alln.and (Arnold, 
pjllij; Nickel Industry, by Coleman (uftawa, 1013;. 



Mi*'Canadian Copper Company for the preparation of Sfesscirien&t9| 
* malic may here he advanlagtoiisl) described in considerable detail. ' ;";i 
E/iilum' <j ftocexH. The ore is first dressed, roasted, and therff 
smelled in blast or reverlieralory furnaces to a ferruginous matte; 
consisting essentially of mlphides of copper, niekel, amj iron. This is-* 
then oxidised in a blast (itair in a converter in an analogous manner to 
the production of steel by the basic liessemer process. Uy this means - 
praci iwally all the iron is removed, and as much sulphurous ])ossible 
.without excessive loss of nickel. On an average the product contains 
approximately*? 

Nifkel and copper . . 80 per cent. 

Sulphur .... ,‘>o ,, 

Iron .... . 0-5 

and such traces of gold, silver, and mclnls of the platinum group as 
can be recovered by rclining. The malic is llu-n ready to be relined, 
lor, unlike eopper, nickel cannot be obtained from its sulphide by mere 
oxidation since nickel sulphide and oxide do not interact to form 
metallic nickel. 

Dressing the. ore consists in hand-picking to remove obvious‘im¬ 
purities. This may become an important operation in the future, 
should if become necessary to utilise less pure ores. Magnetic concen¬ 
tration lias been tried, but has not proved successful! 

/< tousling. Tlii* is frequently carried out in piles measuring (it) feet 
by 100 feet in area pud H feet, in height. Such piles contain roughly ' 
2500 tons ol ore, and are constructed by liist laying a wooden loimda,- 
tion 12 to IS inches deep, covering with coarse ore, then with medium 
si/e, and lastly with “ lines ” wjiieli cover the entire pile and regulate 
the speed of combust ion. The coarse ore amounts to two-thirds of the 
whole. In order that the lire may penetrate rapidly to the interior 
and afford 1 a more uniform combustion, Hues are let into the wooden 
foundation and Ijjlcd with sinajl wood. 

The wood burns out in about sixty hours after lighting, but the ore 
continues to hum tbr three or Imp- months, its speed of combustion 
being regulated In’ control of the draught.’ The outside portions of 
or/.’ assume a reddish tint in consequence of the oxidation of iron; 
Irequeiillv the interior of lumps of ore remain unchanged throughout. 
On the average, however, the sulphur coitlent is reduced froiii 23 per 
cent, in the raw ore to 10 or 12 per t-ent. in the roasted material. 

Rousting in,open piles is not very efficient. Exposed to all climatic 
variations its regulation is complicated. Some of the sulphides are 
oxidised to soluble sulphib-.s and sulphates which dissolve in rain, etc.,, 
and are thus washed away and lost. Wlial the actual loss through 
this 'cause may be, is uncertain, but it probably amounts to 1 about, 
"lj to 2 per cent, of nickel plus eopper, the liiekel losses being greater 
tlum copper,' even although the latter element is present in greater* 
abundance. In Norway the open roast-heap practice has been disg 
continued. As mentioned above, this [nothod of roasting utilises only* 
a relatively small proportion of lincly divided ore or Ones, the. bulk of 
the pile consisting of rough and nc’dium-sizivl ore. .vSi 

Wedge 1 furnaces are employed when Ones alone require tabe deal® 
with, and are more ellleient than open practice. The ore if dvcr-sijOjl 
1 See A. W. 0. ( tVilsf!u, Pyrilet in Canada. 
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tis§i':>und'inahall mills, transform! to the furnace, and heated first tvifti 
oil to tl«: desired temperature and hjaint.lined at that point with coal 
fuel. The sulphur content of the ore is reduced to 7 pe" cent, and less. 

Smelling is carried out either in blast or reverberatory furnaces. 
In the former ease the blast-furnaces 1 are r elaiigulu • in shape, some 
19 feet in height and capable of dealing wijli 500 tons of charge per 
day of (wentv-IVmr hours. The ores are blended in order In be solf- 
lluxing. If insuHicicnlly masted during the previous operation further 
oxidation thirintr smelling is essential, or which purpose quartz is 
added, tin' rupidilv of smelling being thereby deereasiIn this way 
sdhic 50 per cent, of the iron and sulphur can be oxidised away, a basic 
ferrous slay being produced. 

A typical charge consists of -: 

Coke . . .,.11 parts 

Roasted ore ..... ,S0-7 .. 


Converter slay ..... lte? 
Converter scrap, limestone, quartz. . 2<> 


the ingredients being charged into the furnace in the foregoing order. 

The blast, supplied through .12 tuyeres at 22 to t!5 oz. pressure, 
amounts to some 2t.OOO cubic feel per minute. The molten products 
How continuously into oval settlers lined with chrome brick, the matte 
(density Mi MS) settling to the bottom whilst the slay (density ,‘!-7) 
overflows continuously into 25-ton pots and is carted away. The 
matte is tapped at intervals into 7-.on ladles, and averages some 25 per 
pent, of nickel plus copper, in the proportion ol 2-1 2-2 of nickel to 
1 of copper. 

The averaye working during 1915 ltllti yielded, for every 100 Ions 
of ore, 22-7 tons of matte containing'S(i pi r cent, of the nickel and 
copper contents of the eliarye, and 9S tons of slay containiny 9 per cent, 
of the nickel plus copper and which are thus lost. 

Reverberatory furnaces 3 are particularly suitable for lines and Hue- 
dust from the blast-furnaces. Their walls and roof are lined with silica 
bricks, and i.ie hearth with silica sand. A typical eharyc consists ol 2 : 

Wedyc calcined ore and Wedge ll ie-dusl (it parts 

Raw lines ...... g.‘l-7 .. 

Mast-furnace lluc-dust. , , I2 tJ .. 


The coal consumed re-vhes 22-5 pgr rent, of the weight of the eharyc. 8 

During 1915 191(1 on an average each 100 tons of ore yielded 
21-3 tons of matte containing X2-(i per cent, of the nickel plus eopjier, 
and 93 per cent, of slag containing f0-5 per cent, of the nickel plus 
copper of the ore. 

lit'xsemcrisiiig. For this purpose basic converters arc used. These 
are cylindrical in shape, lined with magnesite bricks, and lifeasifrc 
80 feet in length and 10 feet in diameter. A stack rises lisan the rcnlje 
to enable the gases to cscajie, and the necessary air-blast is .supplied 
through 14 tuyeres at the rate of (>500 cubic feet per minute, and under 
a pressure of 10-5 lip 

s,; In beginning a fresh blow, 70 tons of matte from the blast or 
jteverberatory furnace art* poured into the converter in the molten 

1 Silvester, Cttwlfun Min. hi"t.. J9K» # 12 , 218. 

* Ontario opux rit. 

3 Browne, Hull. Airur. / ns\. Min. tiny., January 1915 
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eorylilion, together with 10 ^cr cent, of siliceous flux. (The blast's 
•continued for MO W minute* ami/tile slag poured off: 5 0 tons of 
malic and .'i Ivnt of siliceous flux are added and the Vvholc is agaift 
blown. This is repealed until some 4(h) tons of matte have been 
Irealed, and occupies ab«ul 52 hours, The resulting Bessemer matte 
weighs 117 Ions.' The bljist oxidises the iron to ferrous oxide, which 
combines jvilh I he silica to form slag. The magnesite is slowly worn 
away above the tuyeres, but 0000 7000 tons of matte may be made 
Jiefore repair is necessary. t 

The Bessemer. matte which it is desired to produce should not 
contain mo(e than 'so per cent, of nickel plus copper, otherwise it* is 
too lough Vor subseipient. handling. The iron is removed as eomplefelv 
as possible, but the sulphur retained in order to yield a brittle product. 

Usually the matte thus obtained consists of: 


Nickel 
Copper 
Sulphur 
Iron . 


■IS 55 per cent. 
25 M0 
20 

0-5 ., 


and is now ready for relining. 

• (-) Treatment of Sulphide Ores tree from Copper. For this 
purpose niclclijmms nui^urtir i>i/rilr.s are used, containing 2 per cent, 
and Upwards ul nickel. These are roasted, whereby I lie sulphur 
combined with the iron is expelled, the nickel si ill remaining as sulphide. 
The resulting nickel-iron matte 1 Is now melted in a reverberatory 
furnace, and the remaining iron sulphide oxidised by a blast of air, mp 
in a converter similar to that already described. In either ease the 
reactions are much the same, a matte of nickel sulphide being left 
behind. The ferrous oxide combines with silica of the furnace lining 
and escapes as slag, together with some nickel which has simultaneously 
oxidised. .The slag is therefore worked again for nickel, and the matte 
is relinc'd. 

(M) Treatment of Silicate Ores. For this purpose Ctmtiailr , a 
hydrated silicate of'iiickcl and magnesium, is ernploved 1, (se e p. 70), 
being exported IroVi New ( aledoma to Great Britain and Isurope, 
where it is smelted. The ore contains (18 per cent, of nickel, and is 
first smelled in a small furnace with alkali waste (calcium sulphide), 
or with gypsum (calcium sulphate) and coke. The nickel and ii»in 
(associated with it in the ore) arc converted into a nickel-iron matte or 
sulphide, the magnesium and calcium uniting with the silica to form n 
fusible slag. The matte is now .partially oxidised to remove -xeess of 
iron, and the resulting product smelted with coke and sand and nickel-' 
iferous slags to effect the removal of still more iron. 'The concentrated 
nvdle«i,s finally Bcssemrrisod to nickel sulphide, and re fined. 

(4) Treatment of Arsenical Ores. Nickel isialso obtained on a 
small scale from ils arsenical ores. These,arc roasted to remove part 
of the arsenic and sulphur, smelted with silica and coke to remove iron 
in the slag, and the crude nickel arsenide thus obtained roasted in a. 
reverberatory furnace to oxidise mbre iron and remove more arsenic, j 
The last two operations are repeated until (Jie product is suflieiently: 

1 The composit ion of nickel matte has been studied by Rorncmnnn ( Mdnlliiroie, 1908,j 
5 , 61), who shows that several double sulphides of iron and nickel are capable of existing^ 
under well-defined conditions. 
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free from jron. The nlass, which now consists of (flirty pure njelfel 
arsenide, is then converted into nickel pxide, and either reduced with 
carbon in tlw usual way. or dissolved in'hot hydrochloric acid, and any 
copper, arsenic, bismuth, or antimony .precipitated* with hydrogen 
sulphide. The hydrogen sulphide in excesses removed bv boiling, and 
the iron is oxidised with bleaching powder, and precipitated by cautious 
addition of in Ik fX lime below to 0 (’. to* prevent the sunultnncous 
precipitation of cobalt. More bleaching powder is added, and the 
temperature raised, whereby tlic cobai^ which separates out hrst is 
precipitated as black hyflraicd oxide. 1 The nickel sybil ion is drninftl 
off, tile nickel precipitated with milk of lime, and usiueed^vit li charcoal 
to the metal. The oxide of cobalt is lYe<|iieml\ not reduced* but placed 
after washing and igniting direct on the market as oxide. 

II. Helming 

As has already been mentioned, nickel cannot, like copper, be 
obtained from its sulphide by mere oxidation of matte, since nickel 
sulphide and oxide do not interact to yield the free metal. Several 
p’iMO-'ssts have therefore been 'minted with this object in view, the 
oldest of which is known as :j 

(1) The Orford Process. 2 This consists in heating llessonfcr 
matte with sodium sulphate and coal in a cupola furnace and tapping 
tin' pre-duet into pots. The product separates into two layers, the 
lower and denser consisting imiijdy of nickel sulphide with smaller 
<| 11:1 ntiIi< -s of the sulphides of copper (and iron)* This layer is known 

* as Imtliiiiis. The upper layer or '«/« is mono readily fusible, and is 
composed of double sulphides of copper and sodium (and of iron alld 
sodium). Or. cooling, the layers n#c broken apart. The process is 
repealed four or live times in order to obtain a pure bottoms, which is 
I lieu masted to nickel oxide and reduced to t lie free metal wit It charcoal. 
This is effected by mixing the powden d oxide with Hour (or .molasses, 
sugar, etc.) and water to a paste, cutting into small cubes and heating 
ill lireelav 1 dies, with about 25 per cent, of their weight of charcoal, at 
about lgiur ('. a temperature that is below the melting-point of 
nickel. The resulting cubes of metallic'nickel arc then polished ill u 
drum. " • 

In \meriea a higher temperature is used, and the nickel is produced 
in the liipiid state in cruefhles in a midlle-furnace, and east into small 
rods. Tlic metal obtained in this way may contain US percent, upwards 
of nickel, its impurities consisting mainly of oxide, iron, and carbon. 

The original Hessemcr matte usually contains small (piantitfes of 
gold, silver, platinum, palladium, iridium, and rhodium. Of these the 
first two " follow ” the copper and are sold in blister copper to reliners. 
The last four metals, fnmely, those of the platinum group, h+ltiw»t.he 
nickel and are extracted. 

(2) The Mond Process* 3 is based upon the fact t lint nickel readily 
combines with carbon monoxide at 50— SO J to form a volatile carbonyl 
compound of composition Nity'O).,, which dccoiii|ioscs at higher tern- 

1 Patbi a. J. pm It, Chan., 18,1(5, 67 , 2!. 

2 See Ontario lVnort. oput cit. ; t’lko, ring. Mining ./., 1S07, Jan. 30, }». 113: July 3, 

p. 8. • 

s\.' * See Mond, J. 80 c. Cham, hid., 1805, 14 , 045; Robert-Austen, Mm. 7W. Inst. C.h\, 

‘*1898-9, 135 , 29. ‘ 
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.iieraturos into nugallic nickel aliil carbon monoxide. Bcsscjpier matbj 
'lom the Sndlmry (Ontario) ors is.shipped to Swansea (Wales), and 
nickel extrucled j’h»iefi(mi bv tlie Mood process at the Clydach works. 
The process is conducted in live stapes, \thieh may be conveniently 
represented by means of afliagrnm as follows : 


I If‘BMP HI IT 

t matto 

0 


. ('•' 
Roast inj* 
-in fulfill • 

ini; I’ur- 
r - * 
n;iff 

( 1 ) 


Ai i«l fx- 

► tract ion in 

If ml liiifd 
extractors 

I _ 

Solution 
worked for 
aoppe r sul¬ 
phate 


( 3 ) 

Reduction 
—>\vitli water —; 
«as in • 
reducer 

t . 

Kcj&duo 


w 

Production 
of r.ekcl — 
carbonyl in 
volatiliser 

t 


Final Rkmi uk 


( 6 ) 

’Deposit ion 
>of nickrl in 
decomposer 

CO ^ 


Re-treated residue 
worked for l*t, etc. 

The modiis ojicrandi is ns follows : ' 

^(1) The matte is roasted, whereby oxftlcs of nickel and copper are 
produced, and as much sulphur eliminated as possible. 

(2) The mass is now treated with hot dilute (10 per cent.) sulphuric 
acid in lead-Jined extractors whereby some 70 per cent, of the copper 
is dissolved.'hut only 1 2 per cent* of the nickel. The solution is 
concent ruled and worked for crystals of copper sulphate, of which 
some 20,000 tons are nil Anally produced at Clydaeli. 

(0) The insoluble residue containing the nickel oxide is washed, and, 
contains some 50 to 00 per cent, oftiickcl. It is reduced to tlie metallic 
condition by water pas or producer pas rich in hydropeu in vertical 
towers, 10 I'tct in height and maintained at 350” l’.. the powdered 
residue piftsinp down the tower, meelinp the ascending reducing pases. 

(I) 'i'he reduced product is how transferred to the roluliliser, in 
which it is subjected to the action of carbon monoxide at 1 50-80° (’.. 
volatile nickel carbonyl beinp produced. AQer passing down the 
volatiliser the residue returns to the reducer and hack to the volatiliser. 
This* cycle is repeated for from seven (o lift ecu days, By this means 
about 70 per cent, of the nickel is extracted,,the residue consisting of : 


Nickel . 
Copper < . 

Iron 

Platinum, etc. .' 


30 per cent. 
30 


traces 


Thi:} re.sjdue is smelled with pypsum and 'redueinp agents whereby a 
mutter is produced resembling the original Bessemer matte. This is 
roasted,- reduce,!, and extracted with carhop monoxide apain. and the 
residues, now much poorer in niekel and copper but richer in the platinum 
metals, are worked for' the last named, the principal beinp platinum 
and palladium, although iridium, rhodium, and even gold and silver, 
are present. > t 

(5) Finally the nickel earlionvl passes to the decomposer , w.hieh is 
filled with nickel shot at £00° C. The carbonyl decomposes, depositing; 
niekel on the shot, which is kept moving to prevent its cohering 



one solid amass. The deposit contains 00-S per cent, of nic|cel. # T$ 
carhon monoxide liberated pusses.back to the volatilise! 1 . 1 

By this'me.ms a bon'. 5000 tons of niekel ;tre -isuninlly produced e 
Clydach. 

(3) Electrolytic Proce&es. From .. fommcmil point of vie 
electrolytic processes have not proved e.s sweccssfiil.ns had been antic 
pated, alllioifgh .laboratory experiments n.dieme that tlyv might h 
employe?! advantageously both for extracting nickel from coiyvotrale 
matte, and for rclinin^ tuelallie nie||cl containing precious .netah 
Kleetrolytie refining of nickel is carried out in America, the prolific 
being very ]mrc and lough. Phites of it can b" piinchi j or hanuiierei 
without cracking. , ,* 

Several processes have been tried, and the following rank amongs 
the most successful of them : 

The Hybinette Process 1 consists in roast ini; eopper-niekel matte t 
convert the metals into oxides, and leadline with 10 per cent, sulphur! 
acid. The copper is thus mostly dissolved out. with hut little nickel 
A further quantity of copper is removed by heating the residue will 
sulphuric acid to a temperature at. which the sulphates beeonv 
anhydrous, and attain leaching with dilute sulphuric aeiil. After loastiiij 
with hydrochloric acid ami igain leaching, the residue is smeller^b 
matallie anodes and pure niekel obtained by electrolysing. 

The Savelsberg-Wannschaff Procers - consists in trent big wit-1 
chlorine an intimate mixture of nickel matte and wafer or ealriun 
chloride solution. The matte employed contains some no to T-0 pe 
cent, of nickel and soon 1 iron, but is. commercially speaking. free Iron 
copper. The solution thus obtained contains iron and niekel in tin 
form of their chlorides. Sulphuric acid produced by the oxidation o 
the sulphur is thrown out as insoluble call iiim sulphate. The liquii 
is filtered free from suspended mailers, heated to about d.V’ am 
fresh powdered ore is added A bind of air is now h 1 nvn through 
whereby the iron is oxidised and, precipitated ns insoluble ferrii 
hydroxide. The clear solution containing nickel chloride is scpaialcl 
by filtration and electrolysed between graphitetmodcs and sheet niefa 
cathodes.at a cathodiiwurrent density of 1-0 to lH amperes persipdem. 
and with a jKitential differencial from f t) to 1-5 volts. 

The deposited metal contains some !t!Ki per cent, of nickel (and cobalt 
.if originally present) unit only the merest traces of iron, copper, silica 
etc. It is compact., though sonrtwhat blistered on account of hydrnger 
bubbles adhering to the cathode and becoming eonjed with metal. 

Browne’s Process, 3 which is mijde use of by the Canadian Coppei 
Company, consists in desulphurising eopper-niekel-iron matte, whereby 
a product, containing 54 per cent, of eoppe 1 . and (.'! per cent, of nickel, 
together with small quantities of iron and sulphur, risiilts.^.Il^lf oi 
this is cast into anodes and the remainder is treated with chlorine ill 
brine,.whereby the metals are obtained in solution an chlorides. • On 
electrolysing, copper is deposited on to cathodes of the sune metal 
until the proportion of copper to niekel is reduced to 1 in so. Addition 

1 V.S. Patent #05,5.15, tyv. 28, 100.1: Frvh J*ntt */.s ,’Mfl.OfiO. Nov. 2!, 10'>5, and 
477,540. Ft:!). 6 , 1015. Heo'Api»'mlicei? if and III of The .Y/Y/W huh»*try % (olcrrmiij 
Canadian Dept. Mined, ftttawa, 1013. 

8 Zeiterh. Klrktrvrhcm., 1004, io, 821. 
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’ftf lodium sulphidf preeipitatcs i «the remaining copper as sulphide, tfee* 
inn separates as insoluble fciyic hydroxide, and a large proportion 
of the sodium chloride* is ervs'tallised out on concentration of the 
liquors. 

The resulting solution, of nickel chloride is electrolysed with 
graphite anodes and nickel strip cathodes, and yields a Aery pure 
metal. 1 • 

In preparing a specimen of pure nickel for atomic weight 'purposes 

\Vinkler ^employed the following solution : 

0 ■ 

200 e.e. nicktl .sijlphale solution containing 32-84 grams of nickel, 
per litKe. 

30 grams ammonium sulphate. 

30 grams ammonium hydroxide of specific gravity 0-905. 

250 e.e. water. 

Rest results were obtained with a polished nickel cathode employing 
a current density of 0-5 amperes. On reaching a certain thickness the 
deposit of nickel peeled spontaneously from off the cathode, separating 
as white, shining rolls or leaflets in a higjh state of purity. Heating in 
hydrogen effected but a minute loss in weight, indicating the presence 
bf only traces of oxide (compare cobalt). 

Properties. Nickel is a white metal, considerably duller than 
cobalt. “It crystallises according to the regular system. 3 Its density 
has been variously given as 8-279 at 15-5° ('. (Bottom-), 4 7-5185 at 20° C. 
(Winkler), 5 and 8-8 at 1,5° C. (Copaux). 8 This variation is due partly 
to the employment of an impure metal and partly to the fact that the 
density varies appreciably according to the mechanical treatment to 
>vhich it has been subjected, the density rising on rolling, hammering, 
'etc. This is well illustrated by trie following data, 5 which refer to 
Samples of pure nickel wire. The densities have been calculated for a 

vacuum at -1°£.: 

• * 

(1) Nickel wire* cold drawn .... 8-7599 

Same wire am^-alt-d ..... 8-8435 

(2) Nickel wire, twisted . . • . . , 8-8273 

Same wire annealed . . . . 8-8412 

« * 

The figure given by Copaux may lie taken as a fair mean for the rolled 
metal, and 8-3 for the east. The hardness of nickel is 3-5 on Mohs’* 
scale (Copaux), equivalent, to about k) on the Brinell scale. 8 The 
fensile st rength is about 42-4 tons per square inch for wrought, annealed 
nickel. 4 Cast nickel can be rolled into sheets of thickness 0-0008 inch, 
and drawn into wire of di'ameter 0-0004 inch. It is thus execJ-dingly 
malleable and ductile. 

1 See Affidel, Zeilnch. ElrUrnchem., 1915, 21 , 5. 

* Winkler, Zeitseh. anorg. Chem., 1890, 8 , 1. * 

* Rose, Pogg. Anfailen, 1809, 107 , 448. 

4 Bottono, Chem. News, 1873, 27 , 210. 

* Winkler, Zeilnch. anorg. Chem., 1890, 8 , 1. 

* Copaux, Conipt. rend., 1905, 140 , 057; Attn. ( 7 ini. Phyts., 1905, [viii], 6 , 508. 

7 Kahlbanm and Sturm, Zeitwh. anorg. Chem., 1905, 46 , 217. See Srhlett, Ann. 
fhyeik, 1908, fiv|, 26 , 201. 

* See this volume? Part II. 

* Guillet lias studied the relation between annealing anu tensile strength. J. Inst. 
Mtlah, 1913, I, 220; Revue MHalluraie. 1913. 10 . 005. 



NICKEL AND ITS COMPOUNDS 

The ^nelting-point of nickel has frequently bqpn determingd,’ the 
most reliable results beinjj ns follow : e 
» * 

Authority. * Uelting-point. 


Ruff, Bormann, and Kcilig 1 
Burgess and Waltenberg 2 . * 

Day and Sosnian 3 . •. 

Ilolbofn and Wien 4 . 

Copaux 5 . 


1452’ C. 
i 452 + 3" c. • 
1152-3° c. 

14S|,°<1. 

1170" C. • 


« • 

The first-named temperature, namely. 1452° C-, is adopted by the. 
U.S. Bureau of Standards. * 

Nickel readily dissolves nickel monoxide, the freezing-point being 
thereby depressed 8 and the metal becoming brittle. This brittleness 
is removed on addition of a small quantity of magnesium to the molten 
nickel. It distils in the electric furnace more readily than cobalt,’ and 
boils at 2340° C. under 30 mm. pressure. 8 At white heat nickel can 
be welded with itself, with iron, or with various alloys. 

The coefficient of linear expansion of pure nickel between 0° and 
„3p0° C. is given by the expression : 


a rn (1280*1- 0-75f -|- 0-0035/ 2 ) x 10 s . 

Above 300° 0. this formula does not. agree with experiment, 9 and 
when the temperature reaches 3<i5" to 370" C. there is a sudden change, 
in the coefficient of expansion.. This change is of the sr„me magnitude 
whether the nickel is heated from a lower temperature or coolod from a 
higher one to this point. No pAinanent. .elongation of the nickel is, 
observed after heating, and successive heatings and coolings fail to 
modify the effect in the least. ty,wouM appear, therefore, that these 
changes are due to some polymorphic alteration in the metal itself, and* 
the results are interesting in view of the different transition tempera-, 
t tires observed when pure iron is heated or cooled through a considerable 
range, as detailed in Part II of tl»s volume. Also the cooling curve 
of niekij indicates the existence of a slight break on the difference 
curve at 3(i<)° C. 10 , J 

A further point of interest lies in the fact tfiat nickel is magnetic at 
ordinary temperatures, but n*>t above 300° C. The transition Dj opera¬ 
ting lies between 340" and 300° V. The heat of transformation from 
the one polymorph, into the other is 0013 calorie per gram. 11 

The coefficient, of linear expansion with rise of temperature 12 of 
the commercial metal is approximately 12-52 X l()'u*. 

1 Ruff, Bormann and Keilig, ZeiUch. Ihiorg. Cliem., 1914. 88 , 305. 

a Burgess and Waltenberg, ,/. IT axhi nt/ton /lurid. Sri.. I ill If, 3 , 371. 

8 Day and Bosnian (Amer.J. iS'rt'., 11)10, fiv], 29 , IK!) using tin- constant rotund 
nitrogen thermometer settle. This is probably the most accurate result 

* Holhorn and v’ien, Ann. Phyn. Vhan.. 1890, 56 , 300. 

5 Copanx, toe. cil. ' 

8 Auer and Kaneko, MelMurgk, 1912, 9 , 419. 

7 Moissan. Campt. rend., 1900, 142 , 425. 

8 Ruff and Bormann, ZeiUteh. annnj. Cliem., 1914, 88 , 380. 

* E. R. Harrisoif, Phil. ,Vttj.,*1904t 7 , (vi), 020; Tutton ( Cliem . Neirt, 1899, 79 , 22Ttp 
gives the formula a - 0-00001248 -|- OOOOOOOI481 between 6 ° and 121' C. 

10 Baiknw, Ini. Zeitsrh? Metattog,, J914, 6 , 115. 

•'•Werner, ZciUtrh. nnnrg. Chem., 1913, 83 , 275. Guert.ler and Tammann (Zetlerfi;. 
anorg. Chan., 1907, 52 , 25; 1904, 42 , 353) give 320“*!. 

12 Guillaume, Compt. rend., 1912, 1 . 54 , 748, 



The specific Ke,at of nickel 'Varies with its previous m#chanica< 
Ifwilment, and is usually taken#as 0-108 for ordinary temperatures, 1 
ffiat is, between 20# and 100° C. Selmiitz 2 gives the value 0-1091 
between the same temperatures. ' 

' Its true specific heat between 0° and 300*’C. is given by the expres¬ 
sion 3 : 

Speeific'heat' - 0-10280 -f 0-000,0911 t! 

: The niest intense lines in the spectrum of nickel are as follow 4 : 

- Are: 3050-92. 3131-22. &193-10. 3111-91, 3446-40, 3458-60. 
3461-80, 3193'11, 3515-21, 3521-08, 3566-51, 3019-52, 8858-51, 
5035-5.2* 5110-01, 5177-12, 5858-00, 608/1-53, 0110-35, 0175-09, 
0177-00, 6339-40. ' 

Spark: 2894-68, 2410-21, 2437-98, 2511-00, 3414-91, 3158-02, 
3161-84, 3493-18, 3510-52, 3515-21, 3524-09, 3500-55, 3619-54, 
5177-10. 

■ Nickel, like iron, readily absorbs hydrogen, the extent of occlusion 
being independent of the superficial area of the metal. It is thus a 
trtje case of solution, and the hydrogen ipay be regarded as behaving, 
ike a metal and yielding an alloy. At constant temperature the 
sffluJjility of the gas both in solid and in liquid nickel is proportional to 
;he square root of the pressure. 6 The general conditions under which 
liich occlusion takes place closely resemble those already detailed for 
iobalt. 6 The molten metal “ spits ” on solidifying in an atmosphere 
ifhydrogen, some twelve times its volume of gas being evolved. Carbon 
nonoxide is also absorbed by the molten metal, and is largely liberated 
in cooling, yielding castings with blowholes. The disintegration of 
liekel wire when used as a resistance in electric-furnace work is attri- 
iutable to absorption of gases. 7 When molten, the metal readily 
ibsorbs carbon, its melting-point being thereby lowered, and a carbide, 
'OjC, the analogue of cement it e, FcX, being formed. 8 

Like iron and cobalt, nickel exhibits passivity, 9 being rendered 
passive in a variety of ways, such as by immersion in concentrated 
litric acid, or by making' it. the anode in various solutions. 10 

This suggests that the passivity is due to a layer of oxide forming 
in the surface of the metal and protecting the underlying portions 
jroin attack. Such, very possibly, is one explanation, but apparently 
fe docs not account for all eases of nickel passivity. Thus Schmidt 
jnd llathert 11 have passivitied nickel by friction in an atmosphere of 
1 Copaux,.toe. cit. 

* Schm-lz, Prof. liny. Roe.., 1903, 72 , 177. , 

-■'* Schlett, Ann. Physilc, 1908, |jy], 26 , 201. 
jt, . 7 * E.xncr and Haschek, Die Rpeklre'.. tier Elemenle bet nomalm Druck (Leipzig and 
Ren, 1911). 

Sieycrtr.^nd Hagonaokcr, Per., 1909, 42 , 338; M. Mayer and Altnmyer, Per., 190ft, 

» "30(12; Sievcrts and Krumbliaar, Per., 1910, 43 , 893; Sieverts, Zeitsch. physikal. 
pm., 1911, 77 , 591 j ,1907, 60 , 129. 

V-A See p. 28; Baxter, Amer. Chan ../., 1899, 22 , .351. 

rjt 7 Carpenter, British Association Reports, 1906; Collected Researches, National Physical 
Moratory, 1908, III, 259. 

SL 4 Rnff and W. Martin, Metallurgie, 1912, 9 , 143; Ruff, Per., 191 if, 45 , 3139. Bruner 
Sjd Senglot, J. Chim. phys., 1915, 13 , 351. , 

K* Nicklea, Compt. rend., 1853, 37 , 284 ; Pogtf. .Annalen , 1853, 90 , 351. , 

i *• Miiller and Spitzct, Zeitsch. anory. Chem., 1900, 50, 321, Grube, Zeitsch. Eleklto- 
|p., 1912, 18 , 189. * 

p * 1 Schmidt and Rathert, Trans. Faraday Roc., 1914, 9 , 257 



Ihydrogeyf unclcr conditions in which no oxidation *could occur. # 
suggest, therefore, that the hydrogen^atalysis theory applies to nickel, 
aceording'to wliieh a metal is nornlally passive but becomes active 
under the influence of a catalyst which is presumed! to be hydrogen oi 
hydrogen ions. 

Two of her theories of passivity have been suggested by Ucichenstein,: 1 
namely, that income eases the passivity's du<? to a high concentration,;,, 
of adsdtbed molecular oxygen, whilst in others it. is due tp adsorbed j 
atomic oxygen. As in the ease of iron, however, it seems improbable* 
that any one theory xt'ill account for all the known eases of ]iassiVity.^ 
It may well be that in certain eases each of life above; named theories;'; 
holds, and that under the general term of passivity wc“a.e dealing withtf 
a variety of different plienomena. 2 ’I" 

Nickel dissolves readily in dilute nitric acid and in aqua regia,;; 
When brought into contact with fuming nitric acid it may he attacked^ 
vigorously, it may become passive, or it may yield a grey magnetic-; 
powder. 3 '\i 

Sea-water, dilute hydrochloric or sulphuric acid lias very tiltle£ 
action on nickel. 4 At the temperaiure of the waicr-balh, dilute '; 
sulphuric acid containing^ C.'J per cent, of acid exerts the maximum;? 
action on nickel. 5 The resistance of the nickel is greatly enhanced:;,* 
by alloying with tungsten, the optimum percentage being f« ofyj 
tungsten. _ * 4 

Dilute sulphuric acid to which hydrogen peroxide Ijas been addeajj 
attacks nickel, but a mixture* of peroxide with glacial acetic •acid j|j.! 
without action.* Potassium hydroxide, even when fused, has no aetioiv-t: 
on nickel, but when fused with caustic soda tlfe nickel is rapidly oxidised,*® 
When heated in the form of wire in oxygen it burns like iron, whilst? 
nickel powder prepared by reduction with hydrogen below 270° C. :is| 
pyrophoric.* At red heat nickel slowly decomposes steam. 

When finely divided nickel, obtained by reduction of the hydroxide^! 
with hydrogen, is heated in nitric oxide, nitrogen and nickel oxide are?; 
produced. 0 “ k? 

Nickel as a Catalyst.— A mixture of nit»ic oxide and hydrogefi|| 
passed over reduced nickel yields tynmonia.* The reaction, which is| 
nearly quantitative, begins qj 300° C., but when once it has set in tligf 
temperature, may be lowered to 120° C, Nitric oxide alone, liowevci'^P 
on being passed over mluccd nickel does not yield any nitride, nitrit%| 
or nitrate. 10 When'sulphur dioxide and hydrogen are passed over nick<$| 
at dull red heat, hydrogen sulphide is formed, and hydrogoi'jihosplutjfl 
results when hydrogen is passed pver a mixture ot reduced "nickel 

* Reiehenstoin, Zcilsch. KleHrochent., 1015, 21 , 359. 

s For further details see Hittorf, ZeUttch. phfiiknl. Chan., 1900, 34 , 385; Levi, Ga&$ 
zi’Ua, 1905, 35 , [i], 391: Fredenhagen, Zcilsch. pliysital. Cliciii., 1!I0S, 63 , 1 ; Bytffiujff 
S. dmcr. Chan. Sue., 1908, 30 , 1718; Kchocli, Amcr. Ghent. J., 1909, 4V23»; BjilSS 
nml A. F. Morgan, V. Amcr. Client^Sue., 1911, 33 , 1757. 

*»Hal)is, 1‘rvc. Camh. Phil Sue., 1904, 12 , 253. 

* Jorissen, Untjiiieeruij, 1914, p. 012 ; A. J. llale and 11. a. rosier j. ewe. Ultemm 
hid., 1915, 34 , 404. 

s Irnmnn, Mtiajl and Hrz, 11115, y 2 , 358. 

* Salkowski, Client. Zeil., 1910, 40 , 448. 

7 Dittmar, J. Sue. Ghtyn. Inti., ISSL 3 , 103. 

‘.Ipatioff, J. prail. Client., 1908,’77, 013. ;. ; ™ 

. •» Sabatier and Sendcreus, Cefinpt. rend., 1892, ua, 1429 ; Felgate, Chan, ficus, 101$j>| 
‘.io 8 r 178. 

V. J» Neogi and Adhicdry, Zeilech. antra■ Clicm., 1910, 69 , 209. 
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rphospporus pentoxMe at dull red heat. 1 Nitrogen, entirely free, front 
<ajfy oxides, does not combine with hydrogen direct, on passage over 
-seduced nickel. , ' 

•» Reduced nickel decomposes acetylene with incandescence, carbon 
and volatile hydrocarbons r#sulting. 2 It also catalytically assists the 
reduction of ethyle ic by hydrogen to ethane; of nitrobenzene to 
anilineof aliphatic aldehydes and ketones to tire corresponding 
alcohols; .of carbon monoxide and dioxide to methane; and many 
other reactions of a like nature .\ The method js simple, consisting of 
the passage of hydrogen and the reducible substance in the form of 
vapour through a eohilnn of reduced nickel maintained at a suitable 
temperature, 'that of 180° C. being rcconuycndcd. The nickel is 
preferably prepared by reduction with hydrogen in the reaction lube 
itself, the metal obtained-by reduction of the green hydroxide below 
300° C. being exceedingly active. The halogens and sulphur poison or 
destroy t he activity of nickel, and for this reason it is better to prepare 
the hydroxide by precipitation from a solution of nickel nitrate than 
from the chloride or other halogen salt. Nickel reduced at higher 
temperatures than 300'’ C. is less active, \vhilst if reduced at bright ryt], 
heat it is practically inert. The hydrogen jised in the reduction need 
llbt J)e dried, but must be carefully freed born all traces of hydrogen 
sulphide, phosphide, arsenide, and chloride. This may be effected try 
■passage Aver copper turnings at dull red heat, and then over moist 
potassium hydroxide.'' 

When required for tig: reduction of many substances it is frequently 
convenient to prepare the reduced nickel by reduction of liar carbonate 
previously scattered over"the surface of a suitable material such as 
infusorial eart h or animal charcoal/' 

Nickel reduced from the carbonate at 450 ' C. has no action upon a 
'mixture of hydrogen and oxygen at ordinary temperatures, but if 
.distributed over nine times its weight of inert subs!mice it equals 
Colloidal palladium in activity. lt r is still more active towards organic 
compounds if reduced at a lower temperature, such as 310“ 

, ■ The oxides of nitrogfli, NT), NO, and NO*, are readily reduced by 
'hydrogen in the presentee of reduced nickel as catalyst, yielding free 
nitrogen and ammonia. For example : 

2 NO -| 2IL = N 2 + 21U) 

2 NO 4 511* = 2NII, 4- 211*0. 

Both of these reactions occur simultaneously, but the relative 
/proportions of each vary according to circumstances. For example, 
|the condition of the catalyst plpys an important part, and two diifcrcnt 
/preparations will not necessarily yield identical results. Also there is 
San opt'iUHm concentration of hydrogen yielding the highest, proportion 
/pf ammonia, whilst the temperature of the reaction and the velocity of 

* Ncogi and Adhicary, loc. oil. 
fy : 1 Moissan and Mourcu, Hull. Hoc. chim.. 1896, IS, 1200. 

3 See van Berestcvn, Hull. Sue. chim. Hclj., 11)11, 35 , 293 ; Breleau, Bull. Sor. chim., 
1911, 9 , 518 ; Mailhcnnd do Oodon, Hull. Hoc. chim., 1010, 19 ,140 ; .Jurgens and lleigen, 

! Soc. Chcm. hid., 1917, 36 , 657, from (.'hem. Vmschuu, 1916 23 , 99, 110. 

4 See Sabatier and Scnderens, Am. Chim. Phy. 11 , 1905,4,319; 1909, 16 ,70; Sabatier, 
SBsr., 1911, 44 , 1984 ; i.Soe. Chcm. Ind., 1914, 33 , 733, Crossloy, ibid., 1914, 33 , 1139. 
fe** - Kelber, Her,, 1916, 49 , 65. 

4 Cobalt acts in an analogous manner, but less vigorously. 



McitEL AXI) ITS "COMtOONDS. If; 

• , .. wrSSl 

circulation of the gaseous mixture likewise exert an important influence. 
The most suitable temperature range Appears to be 250® to 300° B; 
Below this faugc the reduction takes jflaee slowly, jvljilst. above it, the 
nickel loses its activity afid the ammonia is appreciably dissociated 1 
into its constituent elements. 

The best results are obtained with nitric oxide, of which 70 per cent, 
may, under favourable conditions, be tVansfftrmed into ammonia; 
whilst oftly 25 to 39 per cent, of nitrogen peroxide and 3,to 7 per 
cent, of nitrous oxide yield ammonia. 1 , 

Finely divided nickel is also used commercially in Ibe catalytic 
•hardening of unsaturated fats and oils such as linseed oil and cottonseed 
oil. This is accomplished by reducing or hydrogenating them by the 
simple process of suspending the metal in the oils at about 250° l\ and 
bubbling hydrogen through the mixture. The metal assists the oil to 
unite with the hydrogen, yielding an oil or fat ii which all the carbon 
atoms are saturated. 2 The catalyst is extremely sensitive to small 
quantities of air, as well as to traces of chlorine and sulphur compounds, 
which latter may result from the decomposition of nitrogenous material 
generally present in oils. Bedford and Fil'd maim 3 recommend the ufli 
oT oxides of nickel as catalysts in place of the metal itself on the ground 
that the oxides are less sensitive to gases containing oxygen and sulphup 
derivatives, and that they enable hydrogenation to proceed more 
rapidly. All the oxides of nickel appear capable of acting in this 
manner. With the dioxide and monoxide a temperature of 250'' t'. is 
required, but ISO® to 200“ suffices for the suboxide. 

There is a conflict of opinion as to the manner in which the reaction 
takes place. Many investigators 4 favour the'Vicw that the oxides only 
behave culalytieaily when they contain a certain amount, of free, 1 
unoxidised metal, which suggests fTuit it “is the element itself and not 
the oxides which behave cataiytically. Bedford and Frdmann, 5 on the 
other hand, believe that no reduction to metallic nickel takes place 
during hydrogenation, and that when the higher oxides are used they 
become partially reduced to the .suboxide, which forms a colloidal 
suspension in the oil. 

Organic salts of nickel do not thciysclvcs ac4 cataiytically, but are 
reduced by hydrogen when suspended in the healed oils, yielding nickel 
in various stages of oxidation, and these products cllect the hydrogena¬ 
tion.* Thus nickel fornmte is reduced by hydrogen at 210° C. in the 
presence of the oil to nickel •suboxide, whilst at 250° C. complete 
reduction to the metal is effected. ^ . 

Physiological Action of Nickel, - In minute quantities nickel salts 
do not*appear to be toxic, and there appears to be no danger in the 
use of nickel utensils for cooking foods.® 


*1 fiuye and Schneider, Ohcm. Hoc., IMS, 114 , [ii], 310, from Ih’tticm CMm. 
Ana, IMS, 1 ,33. ' . ... V 

s Sfce Sabatier and Senderana, Ann. Vliim. l'hys., 11)04, [viii], 4 , 319; Her 1911, 


44 , His;. ' | 

3 Bedford and Erdmann, J. prull. ('him., 1913, 87 , 423. 

‘ Norman and Pyngs. Chem. 2ei'f.,.lMf>, 39 , 20, 41; Borsliard and Fischli, Zeilsehie 
anyew. Clian., 1915, 28 , 385; Meigon and Bartels, J. prakt. Chi m., till 1, 89 , 290 ; Meigefi; 
ibid., 1918, 92 , 390; Nonmnn, Chem. Zcil., 1910, 40 , 757, 3SI ; Nr ijumkdcmil., 1918, 
42 , 4t* abstracted in J. Soe. Chan, hid., 1915, 34 , 722. , 

t Bedford and Erdmann, foe, hit : also Sicgmundyuid Suida, J. prakt. Chem., 1913, 

“ 01,442; Sabatier and Abouleno, Bull. Sue. t •him., 1915, 17 , 14. 

- • ’ * K. B. Lehmann, Arch, Hygiene, 11)09, 68 , 421. 



Colloidal Nickel is produced when a solution of the (jp.rbonyl#iq 
benzine is boiled. Carbon ngmoxidc is evolved, and the resulting 
colloidal solution pf nickel is'violet-grey in colour. 1 Kclbcr 2 Inis 
prepared colloidal nickel by submitting a. solution of nickel formate and 
gelatin in glycerol at 200° t<*210° C. to the action of a stream of hydrogen. 
A chestnut-brown .colour is produced, the solution remaining unaltered 
in air. It mixes wiKi alcohol, but addition of wntef, followed bv 
centrifuging' effects the deposition of the colloidal nickel its a dark 
brown mass containing 25 to 30 per cent, of metal. This, on treatment 
with, dilute acetic.aeid, with alcohol or with glycerol yields a colloidal 
solution again. ' « « 

The gehdin of the original solution may he.replaced by gum acacia, 
and the hydrogen by such reducing agents as'formaldehyde, hydrazine 
hydrate, hydroxylamimyor hvpophosphorous acid. Both nickel acetate 
and freshly precipitated nickel hydroxide behave in an analogous 
maimer to the formate. 

When metallic nickel is heated to incandescence and quickly plunged 
into distilled water, the presence of colloidal metallic and hydroxide 
particles can be delected by ultra-microscopic examination. 3 

Colloidal niekelous hydroxide is reduced to colloidal nickel' fiy 
hydrogen in the presence of colloidal palladium as catalyst. The freshly 
precipitated hydroxide may also be reduced in a similar manner. It is 
lulvantivgeous to add sodium protalbinate to the mixture before 
reduction in order to increase the stability of the hydrosols pro¬ 
duced. 4 ° 

Pyrophoric Nickel. —Nickel that has been reduced by hydrogen at 
tempera lures below 270" 'i'„ is a black powder pyrophoric upon exposure 
to ordinary air. It does not, however, burn as brilliantly as iron . 
reduced at 440° C. If reduced at\70° to 2X0° C. it is oxidised by dry 
lir or oxygen only at 350° C. Moisture facilitates the oxidation of 
reduced nickel, effecting it at lower temperatures. Niekelous oxide is 
not oxidised either by dry or by moist air within the tempera lure 
interval 220" to tS(f C. 5 

Atomic Weight. — Approximate Atomic Weight. That t’lie atomic 
weight of nickel is approximately 50, and not a multiple or submultiplc 
of this amount, is evident from various considerations : 

(A; The specific heat of nickel is 0-109. Assuming a mean atomic 
heat of (i-4, the atomic weight, according to Dulong and Petit’s Law, is. 
approximately 5S-7. 

(2) The most appropriate position for nickel in the Periodic Table 
is, as explained in' Chapter I, the end of the first horizontal series of 
_ triads in Group VIII. An atomic weight greater than that oft cobalt, 
'namely, 58-97, but less than t'iiatof copper, namely, 03-57, is thus to be 
' expected. . 

(8) Tiie double salts of nickel sulphate and the aikali sulphates are 
.i.som irphous with the corresponding salts of,divalent iron and cobalt. 
By the application of Mitseherlieh’s Law, therefore, analogous formula; 

■ 1 Wa. Ostwald, Kollo id Zi.itxch., 1014, 15 , 201. 

2 Kclbcr, Brr., 1917, 80 , 1500. 

3 Kituura, Mem. Coll. Sci. Eng., Kyoto Jmp. Univ.,.1913, 5 , 211, abstracted in 

J. Soc. Chem. hid., 1913, 32 , 1159. . 

.* Paal, Her., 1914, 47, 2202. For further particulars seo p. 270. a 

‘ 6 Ipatieff, J. prakt. Chem., 1908, [ii], 77» 613; Moissan, Ann. Cliim. Phus.. 1880, 

242. - 
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ar' to be anticipated, according to which the general formula fo» the 
salts is : 

:doS0. 1 .NiS0 l .<ilI,0. 

Analyses of the compounds indicate that the rtomic weight, of 
nickel is 58-08. 

E.rnct Alrm.ic Weight. —In 1826 Rotlmft, 1 in a single experiment, 
found tha* 188 parts of mekel monoxide are equivalent to 7.fti-2.parls of 
silver chloride; whence 2 Ni 59-05 

In 18,72, Krdninim ar.d Marchund, 3 by reducing niekelous oxid, in 
(jydrogen, obtained values for the atomic weight cf niela l varying from 
58-2 to 58-6. In 1856, in a single experiment, Deville arrived at a 
value 59-3 for the atomic weight. 4 

Most of the remaining determinations of the atomic weight of nickel 
have been made by chemists who have also studied the atomic weight 
of cobalt. Thus the experimental methods applied to cobalt by 
Schneider. Marignae, Dumas, Russell, Winkler, Lee, and Zimmer- 
maun, and already described in this volume (see pp. .'iO-.'t.'!), were also 
applied by the same workers to nickel. A few other of the earlier 
determinations remain to be mentioned, namely, Sommaruga’s analyses 
of nickel potassium sulphate, Daubigny's and Sehutzenbcrger’s analyses 
of anhydrous nickel sulphate, and Sehulzenberger’s, Kriiss and 
Schmidt's, and Mond, Ranger, and Quincke’s analyses of niikelous 
oxide. 

The results of these experimenters are summarised in ihe tabic on 
page 98. 

The value at present accepted lor the atomic weight of nickel rests 
upon Richards and Cushman’s analyses of anhydrous nickel bromide. 5 
The compound was prepared by lh(**direcT union of its elements and 
sublimed in a porcelain tube in a stream of hydrogen bromide and 
nitrogen. A trace of sodium bromide thus introduced was duly deter¬ 
mined and allowed for in the calculations. Two ratios were established 
by analysing the compound for bromine according to ihe usual methods, 
and a third ratio established by reducing the bromide in hydrogen and 
weighing the residual metal. The final results were as follow : 


7 expts. 

2Ag : NiBr,: 

: 100-000 : 101-270 

Ni . 

58 668 

7 ex| ts. 

2AgRr 

: Nillr 

., : : 100-000 : ,78-1740 

Ni - 

58-665 

8 expts. 

NiBit, 

: Ni :: 

100-000 : 20-855 

Ni 

... 58-682 


The atomic weights given by the first two ratios should be increased 
by 0-01.7, to allow for the presence,of the trace of sodium broTnidc 
present. ,Thc third ratio requires no such correction as the weights of 
the nickel bromide were corrected before computing the ratio. The 
corrected atomic weight values are accordingly 68-683, 58-680, and 
58-682. 

1 See Berzelius, Poy). Anrnlcn, 1826, 8 , 184. 

a All tho hi nmis weight, values in this section have been recalculated, using the fol¬ 
lowing antecedent data: 0 - I(S0U0, H = 1-00762, C = 12-003, N « 14-008, 01 = 
35-457, Br = 79-018, 1 ft 126-02, Ag'- 167-886, S = 32-065, Au = 107-2, K = 39-100, 
Ba = 137-37. , 

1 Erdmann and March,md, J. prnttl. Clem., 1852, 55 , 202. 

1 Doviflo, Ann. Chim. Phyn., 1851s [iii], 48 , 182. ’ 

6 Richards and Cushman, Proc. Amt-r. Acad., 1897, 3 $, 95; 1899, 34 , 327 ; also in 
them. A Jews, 1897, 76 , 284, 293, 307 j 18W, 79 , 163, 174, 185. 
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f- 

Date. 

TCxpcrii:'Oliver. 

No. of 
Kxpfcs. 

u 

Ratio measured. 

Atonno 

weigfit 

of 

nickel. 

1837 

Schneider 1 

' 6 

Ni : 200.,: : 100 000 : lOl.iODO . 

58-019 

1858 

Alariguac 2 . ' . 

_2 

NiSO,: Nit):: 100-000: 4S-2S7 . 

5S-70I 


3 

2-V : NiOl,:: 100-000 : 60-■39 . 

5S-S42 

,'«60 

Dumas 3 

5 

2Ag : Ni(.‘l 2 :: 100-000 : 69-199 . 

58-971 

1863 

Bussell 1 *■. 

11! 

NiO : Ni:: 100 000 : 78-593 

58-742 

18110 

Summ;iruga r ’ . ' 
t 

6 

2BaSO, : K 2 Ni(S0 4 ) 2 .6IL0 :: 100 000 
: 93-6505 * 

58-801' 

1807 

Winkler 6 

4 

2An : 3Ni:: lOl' OOO : 45-209 

59-435 

1800 

Russell 7 

14 

Ni: 11,:: 10(1-000 : 3-4211 . 

58-906 

1871 

Leo 

6 

(«,ll„N,O 4 ),ir,NW0N) lt . 1011,0: SSi 
: : 100-000 : 3-7295 

58-025 

-- 

■ • 

6 

(f: 2l ll B ,N.,0 2 ) 6 H 6 Ni 3 (CN) 12 .8Jl,0: 3Ni 
:: 100 000“: 6-595 

5S-0S3 

1881! 

Baubigny • . 

0 

NiKO,. NiO :: 100 000 : 48-280 . 

58-740 

1886 

Ziminermann 10 

Jl 

NiO: hi:: 100-000 : 78-582 

58-701 

1802 

Mond, Danger, and 
Quincke 11 

3 

NiO : Ni:: 100-000 : 7S-545 

58-575 

1892 

Schut/.enbergcr 12 . 

0 

NiSO, t : Nitf:: 100-000 :18-257 . 

58-671 


2 

NiO : Ni :: 100-000: 78-53 4 

58-536 

1892 

Kriissand Sehmidt 13 

24 

23 

NiO : Ni :: 100-000 : 7S-444 (fciliwli.m) 
NiO : Ni : : 100 000 : 78-557 (usiilatiuu) 

58-225 

5S-6I6 

1893 

Winlji-r" . 

6 

2'AsOl : Ni:: 100-000 : 20-590 . 

59-026 


6 

2Ag : Ni : : 100-000 : 27-359 

59-030 

1894 

Winkler ls ... 

8 

1,: Ni:: 100-000 : 23-255 . 

59-031 


Ili-nce, the atomic weight o£ nickel is Ni 58'68, which value is 
adopted by the International Committee in their Table of Atomic 
Weights for 1921. 

By afcc'pting this figure for the atomic weight of nickel we are at 
once confronted .with a dillieuity in so far as the Periodic Table is 
concerned. 4 , 

Cobalt, in its properties, is an excellent intermediary between iron 
and nickel, and, moreover, it-is clearly a suita’lile element to constitute 
the first of the central vertical triads'of Group VIII, namely. Co, Till, 
and Ir. Hence, if the Periodic Law holds absolutely, the atomic weight 
of cobalt should exceed that of iron, but Hot that of nickel. Kit her, 
therefore, the atomic weight of cobalt is slightly too high or that of 
nickel is slight ly too low. 

1 Schneider, Vogg. Annakn, 1857, ioi, 387. 

2 Marignae, Arch. Sc., phy*. nat., 1858, I, 372. 

)umas, Annakn, I860, 113 , 25. 

lussell, Tranx. Chan. Sue., 1863, [ii], I, 61. 

ommaruga, Sitzungsber. K. AM. IFm*. 117cm, r 1866, 54 , 50. 

•Yjokler, Zcitsck. anal. Chcm., 1867, 0, 18. 
lussell, J., Chcm. Soc., 1869, [ii], 7 , 204. 
ice, Amcr. J. Sci., 1871, [iii], 2 , 44. 
laubignv, Compl. raid., 1883, 97 , 9*51. 
tfmnicrmann, Annalcn, 1886,' 232 , 324. 

\lond Danger, and Quincke, Tran*. Chan. Sue., 1890, 57> ^53. 
Schiitzenborgcr, Compl. rm/.,<1892, 114 , 1149. 

■Criiss and Schmidt, Zcitsch. anorgt- Chcm. 1892, 2 , 235. 

Winkler, ZeilsCh. aiiorg. Chan., 1893, 4i 19, 462. 

Winkler, ibid., 1894, 8 , 1. 
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nIckel and its compounds 

On theyrthcr hand, it may be thai the Periodi# Law as usually^ 
expressed is imperfect (sec p. 3).’ 

Uses. —Nickel is used in a considerable number- of industries, not 
the least; important of which is electroplating. 

Itoetger pointed out in 18-12 that dense and lustrous deposits of 
metallic nickel could be obtained elcctrojytieally, and which were 
capable of extended industrial application on account of their per¬ 
manence in air and the readiness with which they acquired and vetnined 
their polish. In consequence of these properties the process of pint in;/ 
with nickel has become one of considerable comm.Trial importance 
(title infra). 

Nickel finds extensive application in the manufacture of alloys such 
as (Herman silver, eonstantan, monel metal, invar, and the like. The 
outbreak of the Great European War in 1914 led to an enormous 
increase in the production of nickel steels for military and naval 
purposes. 

Coins of pure nickel arc recognised currency in Austria-IIungary, 
France, Germany, Italy, Mexico, and Switzerland. They arc hard, but 
less easy to mint than an alloy containing 75 per cent, of copper, and 
which has the advantage of being much cheaper; this latter eonslil ulos 

1 lie bulk of the so-called “ nickel ” coinage of the world. Nickel-eopp'i 
alloys containing 22 to 23 per cent, of nickel were used in making coins 
in 23.5 n.c. by Kulhydcmos, the Hadrian king. 1 Ol lier coins containing 
nickel have been found, of later date Ilian the foregoing, ‘:,mc. struck 

2 n.c, containing 20 per cent, of nickel, the remainder being copper 
1 with traces of iron and cobalt. 2 The United Slates of America, however, 

were the first modern nation to introduce a nickel-bronze coinage, 

• lamely, in 1.S57. The alloy contained 13 per cent, of nickel and 88 per 
cent, of copper. In ISfiG the percentage of nickel was raised to 25. that 
of the copper falling to 75, thereby coming into line with the llelgian 
coinage introduced in 1801. Other countries followed suit, and it is 
estimated that the total weight of metallic nickel used in coinage to 
date (1917) eil her as pure nickel or in the 25 per cent, alloy has amounted 
to between 10,000 and 15,000 tons. 3 It is easy to distinguish between 
pure nickel coins and the alloy inasmuch as the former arc readily 
attracted by a magnet, whereas the latter are not. 

The following table 1 gives the number of nickel and nickel-bronze 
coins si ruck since their adoption and down to 1914, in a few of the 
more important countries of the florid : 


Country. 

Period. 

Value.’ 

Pure 

nickel. 

• 

25 % Ni. 

75 % Cu. 

Austria- 

IIungary 

IS92 1914 

20 hellers 

• 

240,270,049 

• • 

0 


10 „ 

320,334,709 

— 


1 Oharlrton, ./. Roy. Sor. ArU , 189-1, 42 , 49(1. 

2 Flight, Rumismatk ('liroiiclr, 1898, p. 3115. 

3 Repift of the Royal Ontario A'icl.rl Cohnni-mon, Toronto, 1917, py. 312 320. 

1 Abridged from the Ontario Re flurt, pp. 317-319, in,the compilation of which the 
jlata wen: obtained from liigg'a Annual Reports if the lioyal Mint, Loudon, 1911, 1913, 
’and 1911. 
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H| 

Period. 

\ Value. 

Pure 

nickel. 

-- 

•25 % Ni. 

• <5 % l'u. 

n 

18(51-11)10 

‘25 centimes 


10,010,090 

r 

• 20 „ 

— • 

1,803.070 

■ 


10 „ 

5 

— 

151.0-28.830 

1 K),398,183 

i7i-.nco 

19,0:5 Kill 

25 „ 

10,011.133 

— 


' # 

to 

3,97'2 

" r 

(iermany’.' 

1873-1 !)1 t 

25 ])fcimige 

20 

30,001,790 
*' _ 

•25,029,301 



10 „ 

— 

701.088.201 



5 

• - 

708,005,197 

Italy 

1 <102 11)11 

25 ccnlcsimi 

20 

13.008,000 

105.229,000 

100,000,000 

Switzerland* 

1887 lill t 

5 cents 

2-i. 

‘20 centimes 

3‘2,500,000 

13,500.000 

72.000.0tK) 

U.S.A.* . 

* 

1800-1911 

5 paras 

— 

891,7 13.975 


5 eentesinios 


31,378,310 


•It is estimated tha,t ii]> to the cixjfof 1011! some 000.1(17.507 coins of 
pure nickel had keen issued, ami 1,513,700,571 coins of nickcl-lmm/.c. 1 

Owing to its power of resisting corrosion nickel is used in the manu¬ 
facture of cooking utensils. There is hut. little likelihood of danger, 
arising in this manner since ni'ekcl salts are not. toxic in minute 
quantities.- 

In a finely divided condition nickel is used as a catalyst in the 
hardening of oils, an industry ttjat is important and rapidly growing. 3 
Nickel oxide or hydroxide is used by Edison 4 in making depolarising 
electrodes for storage* batteries. It is also employed in the decoration 
of porcelain, yielding browns,,bines, and greens according to the metal 
\vit[i which it is associated, to the glazi;, and the amount of oxide taken. 
It is used 5 in the production of lustre effects on pottery, yielding a 
light brown lustre on firing. 

Electro-deposition of Nickel. 5 --The commercial application of 
this prpeess only dales back to about 1870, for, prior to that dale, t he 
difficulty of obtaining sufficiently pure nickel anodes at reasonable 
prices was an insuperable handicap to their extended use When, 
however, improvements were instituted in the metallurgical methods of 
cxt'-agling nickel from its ores which rendered' the production of.rela¬ 
tively pure nickel possible at a lower cost, the fr.ture of the electro¬ 
plating industry became assured. Nickel is a particularly useful metal 

1 bulletin Imperial Institute, 191(>, 14 , 228. 

2 Lehmann, Arch. Hygiene, 1909, 68 , 421. 

3 Seo p. 95. 

1 Kdison, U.S. Valent 1,036,471, August, 20, 1912. v 

5 Hainbagh, Pottery Decorating (Scott, Own wood and Son, 1907). ^ 

For further details the reader is referred to .4 Treatise on Electro-Metallurgy, KViMillan 
and \V. R. Cooper (Clias. Grfflin and G'o., 1910); Applied Electro-Chemistry, Alltnand 
(Arnold, 1912); Electro-plating , Barclay and Hai ns worth (Arnold, 1912', * 

„ * Stands this in the Report. 
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fpi purposes of electro-deposition. It. yields a hard mat susceptiljjc to 
hit'll polishing and extremely resistant to oxidation or tarnishing under 
ordinary atmospheric conditions, Tlic'se properties render it parti- 
eiihirly suitable both for )>roteetive and ornate purposes. In the 
former eapaeity it is used Us a covering fjr more readily oxidisahle 
metals sneli as iron and steel in exposed portions of machinery, to wit, 
handle-bars, etc., -of bicycles and other domestic commodities. For 
ornate purposes articles of brass and other metals are frequently plated 
with nickel as, for example, coffee-urns, cheap spoons, pencil-cases, etc. 
Some 500 tons of metallic nickel are consumed annually in KnglamMbr 
electroplating purposes. 

As lias already been .emphasised in connection with flic electro- 
deposition of cobalt, it is essential that certain well-defined rules tie 
adhered to, otherwise the deposited metal yields disappointing results. 
Thus the surfaces to be coated must be scrupulously clean, otherwise 
the nickel will flake off. A similar result accrues if the deposit is too 
thick, whilst if too feeble a current has been employed in the hath the 
deposited metal is too brittle, and tends to rub off during subsequent 
polishing. 

Much work has been canyed out with t he object of determining the 
best, conditions under which the electro-deposition of nickel may he 
effected, and the following is a summary of the results arrived at: 

An aqueous solution of a nickel salt, or of a mixture of satis con¬ 
taining nickel, is made, and a nickel anode inserted. The article to be 
plated is also introduced into flic solution and made “to serve as 
cathode. 

The anodes should consist of nickel in as lfigh a state of purity as 
possible, any cobalt or iron remaining in them being deposited at the 
cathode during plating. The physical condition of the metal is also 
important. The east metal, particularly if its surface has been 
roughened with acid, is very suitable as it dissolves most-easily. The 
rolled metal, on the other hand, is inejined from its method-uf prepara¬ 
tion to be more uniform in composition and lienee U%s liable to become 
spongy during working. It is, however, less readily soluble than the 
cast metal, although more soluble than, electrolytic cobalt unless the 
last, named is fresh and thus elpirged with hydrogen, which assists its 
solution. In any ease it is advisable for the anodic area to exceed the 
cathouic on account of 111 * inferior solubility of the metal. 

The current dcnsity’must not be too great, for nickel readily becomes 
passive. Thus, Sclioch 1 found that a nickel anode immersed in a 
normal solution of nickel sulphate ijt 2<i° C. only dissolved when the 
current density did not exceed O-OSfi ampeics per square decimetre. 
When the density.rose above this value the anode became passive, 
gaseous oxygen being evolved from the solution. 

This tendency to passivity is reduced by rise of temperature, as also 
by the introduction of other ions,such as those of chlorine and hydrogen, 
lienee by raising the temperature and adding sodium chloride to the 
nickel sulphate solution, the deposition may be effected at a greater 
current density wifhout passivilidatinn of the anode taking place. 

Although nickel cantot be deposited quantitatively from a solution 
containing more than small aipouhts of free acids owingJo the liberation 
of hydrogen, yet feeble acidity is frequently desirable m order to inhibit 
1 Schoch, Amer. Vliefi. 1000, 41 , 208, 222. 
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the formation of basic salts which would seriously mar the quality of fir 
‘plating. ■ ' . 

Many differejitisol 11 1 ions haVc been suggested lo meet the foregoing 
requirements. The simple sulphate, NiS0 4 .711,0, is of little value for 
electroplating unless used'in conjunction'with other salts such as am¬ 
monium sulphate • Barclay and Ilainsworth 1 have fouqd the following 
mixture to give excellent results at about 20° C.: 

Nickel ammonium sulphate, 

NiS0 4 (NII,),S0.,.011,0 . 12 oz. , or 375 grams 

Nickel sulphate, NiS0 4 .7lI 2 0 3-4 oz. 94-123 grams 
Watpr . . . .1 imperial 

gall«'n or 5 litres 
1-J U.S. gallon 

With this solution a current density of 5 amperes per square foot 
may be employed, equivalent to 0-54 amperes per square decimetre. 
The initial voltage may be 5, falling to 3 volts or somewhat, lower when 
a thin deposit has formed on the cathode. 

A second solution recommended by the same authors is as follows : 

Nickel ammonium sulphate . /■ . 812 grams 

, Nickel sulphate .... 125 „ 

Potassium (or sodium) chloride . 3147,, 

Water.5 litres 

and,may be worked with a current 'density of 10 amperes per square 
foot. Watts 2 has obtained good results with a solution containing : 

Nickel sulphate, NiSO,.711,0 . 240 grams per litre 
Nickel chloride, NiCl,.GIJ,() . 20 „ „ 

Boric acid, II.BO., . ‘. .20 ,, „ 

When thick deposits of nickel are required it is desirable to work 
at higher Temperatures than that of the room, 3 otherwise the deposit 
tends to peel off ir. thin layers uhless the current is exceedingly feeble. 
This, according to Engemann, 4 is due to traces of iron from The electro¬ 
lyte being deposited ip the first, layers and setting up si rains in succeeding 
layers which contain less iron. 5 With perfectly iron-free anode and 
electrolyte peeling does not take piaffe so readily. At temperatures 
ranging from 50° to 90° C. thick deposits of njckcl may be obtained with 
a current density of 2-5 amperes per square decimetre. 0 

Recent, work on the rapid electro-deposition of cobalt appears to 
have stimulated further research into the possibilities of increasing the 
rapidity of nickel deposition, and'it would appear that the subject has 
not yet been exhausted. Watts recommends hot solutions (c. 70° C.) 
of the composition mentioned above and 'a current, density of 20f> to 
300' amperes per square foot (22 to 33 per square decimetre), lie 
clajpis that, under these conditions, ‘‘the same amount of metal is 
deposited in five minutes as requires one and a half hours in the ‘ rapid 
solutions ’ now in use at 10 amperes per square foot.” 

1 Barclay anil Ilainsworth, Electro-plating, p. 279. 

2 0. P. Watts, Tram. Amcr. FAclrochm. Soc- i, 1916, 29 , 395. 

3 Foerster, Zcilnch. Elcllrorhcm., 4897, 4 , 160. 

4 Kncchuim, ibid., Hill, 17 , 910. 

5 Since iron is deprwited from solution more easily than nickel. 

4 Foerster, be. cit. 
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Nickel-Plating may be recognised without damaging the plate by 
moistening with a drop of arid, and absorbing the drop with Inter-* 
paper. Ammonia is added to the latt'r to neutralise the acid, then 
acetic acid and a drop of dimethyl glyoximc solution (see p. 7(1). The 
characteristic red coloration.will immediate’}- betray the presence of 
nickel. 1 

An ingenious method for determining''the thickness ol nickel- 
plating is described by I’ontio. 2 The nickel-plated article is immersed 
in concentrated sulphuric acid to remove grease, etc. It is then ♦insist 
with water and dried with a clean cloth. A few drops of a solo 1 m 
containing: 

Nitric acid.10 c.e. 

Hydrochloric acicl . . . . .30 e.c. 

Hydrogen peroxide solution . 20 c.e. 

Water.50 e.c. 

are now applied to a portion of the cleaned surface, and after two 
minutes a drop of ammonium hydroxide solution is added. One 
minute later the liquid is poured on to a white porcelain tile, and its 
colour noted. A blue lint, in the ease of a copper foundation, indicates 
that the nickel-plating is less’than one milligram per square centimetre, 
whilst a brown colour, in the ease of an iron foundation, indicate? a 
plating of fewer than 4 milligrams per square centimetre. Willi 
thicker deposits the foundation metal has not been reached l>v the 
reagent, and only a pale mauve colour, due to nickel, is observable. 

13y varying the time of action other thicknesses may of course he 
determined. 


ALLOYS OR NICKKL 

Nickel yields a considerable number of alloys, some of which are of 
great technical importance. Chief amongst these arc the alloys of 
nickel and iron, known generally as nickel steels and ?; rial lcrro- 
alloys. At least half of I lie world’s nickel production is employed in 
ordinary peace times in the mamilaeliire of tk se. whilst during the 
Crcat Kuropcan War of 1914 to 1918 probahl; three-quarters were 
consumed for this purpose. 

Although the term nickel sled is frequently used rather loosely, it is 
preferable to retain the term for those low carbon steels containing not 
more than 4 to 5 per cent, of nickel. Most ordinary nickel steels 
contain from 2.1 to tij per cent, of nickel. Steels containing high 
percentages of nickel may advantageously he termeo hif>h itin.d.xlcds. 
As examples of these, invar and plntinile may be mentioned. The 
former contains some 35 per cent, of niekei, 0-5 oi manganese, and 0-5 of 
carbon, the remainder,being iron. This alloy melts at 1425° t\, and is 
remarkable for it:, low mean coefficient oi' linear expansion* which 
between 0° and 40° C. is of the‘order of one-millionth. it is incorrodible 
and takes a high polish, and is thus particularly valuable for the manu¬ 
facture of chronometers, etc. The second of the above alloys, namely, 
platinite, contains ■about 40 per cent, of nickel, but only 0-15 of carbon. 
It has approximately the same coefficient of expansion as platinum 
and glass. and is thus suitable fdr scaling into glass apparatus. Nickel 

1 Bianchi ami di N»»la, Boll. chim. fonif, 1910, 49 , 517 
3 Pontio, Compt. n mi/., Jfllfl, 161 , 175. 
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resistance wire us*-d in electric rakers, flat-irons, etc., fcontaigs approxi¬ 
mately 25 to 30 per cent of nij'kel. For further details of .nickel steels 
and I'eiTO-nickels t^e reader is itTcncd lo Part 11 of this volume. 

Various alloVs of nickel and copper are of great industrial importance. 
The two inelals mix in all (proport ions, the nickel reducing the conduc¬ 
tivity and increasing the hardness of the copper. The alloys arc 
variously known as cupro-iiickel , nickel bronze, and yiel'el brans, whilst 
certain of them have special names such as monel metal, Benedict metal, 
nickel or German silver, etc. 

-T.l.n adding copper to nickel the melting-point falls cold inuously from 
that of pure nickel to that of pure copper. All the alloys, therefore, 
consist of ar Uniform solid solution throughout. 

An alloy containing 20 per cent, of nickel And SO per cent, of copper, 
and known as mpro-melcel, is employed in munition work such as the 
manufacture of bullet, jackets. It. melts at 1190"’ C., and has good 
working properties. It is made by fusing nickel and copper together in 
the requisite proportions in graphite crucibles, and is teemed at about 
1800“ C. It is essential to pour at this high temperature, us otherwise the 
resulting ingots arc unsound. As a further precaution a small quantity 
of deoxidiscr is usually added to the molfen ( alloy before pouring, name'iy, 
0-1 per cent, of manganese or small amounts of cupro-mangaucsc. 

' Benedict metal is manufactured in the U.S.A., their Government 
specification for the alloy being : 

Nickel . . . . 14 to 1C per cent. 

• Copper ^ • . . . 84 to SO „ 


A very important nl^oy containing 25 per cent, of nickel and 75 per 
cent, of copper finds extensive application in the manufacture of, 
currency both in Europe and in the,New World. Reference has already 
been made to this in previous pages. 1 Monel metal is an alloy of nickel 
and copper made by the Orford Copper Company by direct reduction 
of the nickgl-'eoppcr matte obtained from the Sudbury ores (sec p. 82). 
It. is therefore termed a “ natural alloy.” It contains from CO-72 per 
cent, of nickel, the remainder consisting mainly of copper with iron 
ranging from 0-5 to, C-5 per cent. -The United States Government 
specification, issued in July 1910, for monel metal requires 2 


(minimum) 

Castings . CO 33 

Rolled . 00 30 


Fo 

A1 

I’b 

e-5 

0-5 1 

p-0 per cent. 

3-5 

0-5 

00 „ 


In,appearancevhc alloy resembles nickel and takes a brillimn polish. 
It is sometimes difficult lo.obtain ill sound ingots owing to the presence 
of dissolved gases, alt hough addition of 2 oz. of magnesium to each 100 lb. 
of molten alloy before pouring tends to reduce tjie danger. 

Tile-chief physical properties of monel metal arc. 

)'dtim;-point ,. 1300° 0. 

Density of east alloy.8-87 

Coefficient of expansion per decree Centigrade (20°C,- 
100 “ C.) . . . . ... • 0-00001375 

Tensile strength.. . approx. 35 tons per sq. inch 


1 See p. 99. , , 

« Gowlanrl, The. Mtlallunjt / oj Hon Ferrous Metals (O.iffm and Co., 2nd cd„ !9I8). 
See also Dunbar, Metal Industry, 1909, I, 43; Ke.fort oj the Hoyal Ontario Hickel Com 
mission, Toronto, 1917. 
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i Monel metal is used in the manufacture of propellers for United 
States battleships, cte. Owing to its power of resisting heat (iemrnnf 
employs the*alloy for locomotive lire In xes. 

Alloys of nickel, copper,,,nd zinc are known as ))iW.v/-.s’)7r(T, and have 
a large industrial application. One such w s know 1 to the Chinese in 
early times under the name of l , (wlf»ng, being used for gongs and other 
musical instruments. Individual specimens exhibit considerable varia¬ 
tion in composition, ranging from 8-75 to .‘it-!) per cent, of nickel. 

The manufacture of nickel-silver in Europe was begun in llerlin 
in 1821, and the fancy names given lo the alloy are legion. ,?> is 
customary in England to prepare the alloy in three stages, and not by 
melting together the three ingredients in the correct, proportions. 
Thus, copper and nickel are alloyed to form eupro-nickcl, and zinc 
and copper to form brass. The last named is cast into plates, broken 
ii]i whilst hot, and added to the molten cupro-nickel. This procedure 
serves not only to yield a more homogeneous alloy, but also reduces 
the oxidation of the zinc. In Germany, on the oilier hand, copper and 
one-third of the requisite quantities of nickel and zinc are melted 
together under charcoal in a crucible, 1 the remaining two-thirds of zinc 
and nickel being added aljei tlie whole has fused. Owing to the 
volatilisation of the zinc it is dillieult to prepare two samples having 
the same composition. 

The alloy is annealed in a reverberatory furnace in a r.during 
atmosphere, at. a temperature ranging from 700“ lo 000“ according 
to the nature of the alloy. 2 In ordinary praeliee exposure for 20 to 00 
minutes to a temperature of 750“ C. sullices. Deoxidation with 0-25 
per cent, of manganese improves the rolling j."operlies of the finished 
alloy, and its tensile strength rises distinctly with the nickel content. 

Different, grades of nickel-silver hre mognised in the trade, those 
manufactured at Birmingham and Shcllicld having approximately the 
following compositions '■*: 


* 

Copper 
par cent. 

N iekol 
j..t cent. 

Zinc 
per ci'jil . 

Extra white metal . . * 

50 

30 

20 

White metal . . # 

51 

21 

2 2 

Arguzoid 

. tS-5 

20-5 

31 

Best best 

50 

21 

‘J!) 

Firsts or best . 

5(1 

10 

28. 

Special firsts 

*50 

17 

-7 

Seconds .... 

(12 

U 

21 . 

Thirds . . •. * • 

5(> 

12 

| 

Special thirds .• 

50-5 

11 

;,fl r* 

Fourths . . . . . 

55 

]0 . 

35 , 

Fifths, for plated goods 

57 

7 

3(5 

Eleetrum 

51-5 

20 

22-5 

• 

• 




1 Kluss, Giessnei-Zeitung, 1912, 9 , 24.7, 410. 

» ().*'. Hudson, J. Inst. Metals, 1913, 9 , 10!); F. C. Thompson. Ibid., 11)10. 15 , 230. 

3 The first eleven are given by Hiorns (quoted by Titu. Allai/s, Olios. Gridin and Go., 
*2nd ed., 1914). The last alloy is taken fryui J. hist. Metals, 1912, 7 , 193. 
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Of tin* foregoing. Ihe alloy-termed “ Seconds ” is used the Lntis 
hi best silver-plate ware, unmeet', Al quality. It is also the/eonstituent 
of nickel-silver tivblr goods such as spoons and forks. • 

Nickel-silver'possesses considerable Malleability, ductility, and 
tensile strength. No compounds of the three constituent metals arc 
formed, and the alloy is a simple, homogeneous, solid solution. 

Nickel-silver to wlficli l’or 2 per cent, of tungstcyi Hits been added 
is known as plnliiwid. It has a low cicatrical conductivity, and is 
therefore used in the manufacture of resistances. In composition it 
approximates to :. 

Cooper ' .CO per cent. 

Nickel.U „ 

Zinc.21 „ 

Tungsten >..... 1-2 „ 

Argnznil is nickel-silver containing a little lead and tin—about 
2 per cent, of each. Other alloys of interest are cmixtanlini, iiwiigiiiiin, 
nickel)n, and niehrome, approximate analyses ol which are given in the 
following table : 



Of the foregoing alloys niehrome possesses many ini cresting features. 
It is now well known for its electrical resistance, and is useful in the 
construction of electric heating appliances, such as air ovens, inutile 
and lube furnaces, for use in the chemical laboratory. 

It is easily cast, and as it neither oxidises por scales it is particularly 
serviceable for (ire-boxes, proving far longer-lived than east steel ones; 
they do not warp or bulge, and retain their strength and shape at high 
tempo-aYuros. They may be <|ucnehed in water whilst red hot, and, 
owing to the greater durability of tire alloy, they may be made aonsider- 
ably thinner than is usual wit'h other metals. Niehrome loses but little 
of its strength at 950° to 0H0° C., and is t herefore/ised for annealing and 
for carbonising boxes, for retorts and conveyor chant.; employed at high 
temperatures. ,Thc outer protection tubes,of pyrometers have been 
made of niehrome, and have lasted for 4000 hours. Nichromc*kns 
also been used for crucibles destined to hold up to 170 lb. of metal. 
Brass, copper, and phosphor copper have been successfully melted in 
them, no alloying of the niehrome* with the* crucible content being 
observed. „ , 

Niehrome is also very resistant to the action of acids and of chemicals 



107 


1?ICKEL AND ITS COMPOUNDS 

generally., It is thus particularly suitable for pilkling-hnskctj. It. 
admits of Hieing readily machined, at 1 possesses a tensile strength 
approximatMy double that of cast iroi, whilst it equals that metal in 
hardness. 1 

An acid-resisting ahoy Known as illiiwiM- ontam: Ni 60-65. Cu (M2, 
C'r 21-07, Mo 4-G7, \V 2-13, with traces of aluminium, silicon, iron, and 
manganese, ft melts at 1300° t'., and has a‘ tensile strength of 50,000 lb. 
per squafc inch. It is remarkably resistant to corrosion, a 25 per cent, 
solution of nitric acid having no apparent influence upon it in twenty 
four hours. 2 ’ 

“ In the manufacture of special steels the following alleys arc used : 

Tungsten-nickel containing 23 to 50 % Ni and 77 to 50 % \V 

Molybdenum-nickel . ,, 20 to 50 % „ 'SO to 50 % Mo 

Chromium-nickel . ., 23 to 25 % ,, 77 to 75 % l> 

In the following table references arc given to original papers dealing 
with other and less important alloys of nickel: 


Momenta alloying 
with Nickel. 

Remarks. 

Alloys studied by 

Aluminium 

Coumoimda NiAl,, NiAI.„ 

(Iwver, Znfsrh. anurq. Chew., 


NiAl have bqpn obtained. 

lt)0S, 57 , 113, 

O. Brum k, Iter., 1001 , 34 , !w* 88 . 
Com lies, Compt. rend.. 1H00, 
* 122 , 1-182. 

Robin, Traild dc Melallographic, 


• 

1911, p. :mi. 

Schirmeister, Stahl nnd F.iscn, 
1915, 25 , 050, S78, 990. 

Aluminium and cop- 

No compound. Aluminium 

Read and (! reaves, ,/. Inst. 

per 

renders the allovs very 

M.talx, 1915, 100. 

brittle. • 

f)uilie1,^CW/rf. rend.. 1914, 
158 , 701 . Les Allutqm, lOOti. 
p. 7-1S. 


c 

Andj^ws../. A liter. Chun. Sue.. 
1804, 16 , 480. 

Antimony 

Seep. 130. • 


Arsenic . 

Seep. 12‘J. 


Bismuth 

Kvidqpcc of Ni Hi and NiHi a . 

Voss, Zeikich. anorq. Chtw., 


■ 

1008, 57 , .14. 

Cadmium 

NiCtl, obtained. 

Voss, lor. ril. 

Chromium 

No compound. With 10 per 

Voss, lor. cit. 


cent, chromium Jlie alloy 

llavnes, ./. fnd. Enq.Vhem., 

9 

is very resistant to m id 
attack, especially nitric 
acid. • 

No compound is formed. 

1010, 2, 807. 

dubalt . . 

fluertlcr and T.WMinnn, 


Z.eitsrh. anorq. Client,., 1 *10-1, 

♦ 

• 

42 , 353 . 



Ruer and Kaneko, Mctalhmjie, 
1012,9,419; Ferrum, 1018, 

• 

• 

- 1 . — . 1 

10 , 257. 


1 Sre Iron Ajr, 1917,#Ioo, 25(1; Met. Chnii. Eng., lOW, 15 , 159. 
* S. W. Parr,./. Sue. Chem. hid., 1915, 3 J|, 1097. 
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1 Kleiuenfs alloying 
with Nickel. 

Rcnfirks. 

r 

r 

Alloys studied by * 

Cobalt and copper . 

Ternary ’compounds are nof 

Waehlert. C'hem. Zentr., 1014, 

• -- 

formed. The alloys arc 
ftardest’' which contain 
nickel and cobalt in equal 
proportions. All are at¬ 
tacked by nitric acid, but 
are fairly resistant to sub 
.phurie acid. 

ii, 010 , from Oeslerr. Arilsch . 
IJcnj- n /■ # Hiltlrn n'i < in, 1014, 

62 ,an, 357 , :i7i,<802, 400 . 

Copper . 

No com pound is formed. The 
freezing-point curve falls 
regularly from in.pt. of Ni 
to that of Cu, indicating a 
coni in turns series of mixed 
crystals. 

f 

Ifeveock and Neville, Phil, 
f Trans., 1897, 189 , 09. 
Gautier, Com pi. rend., 189G, 
123 , 172. 

C uertier and Tam mann , Zeitsch. 

anon/. (Jinan., 1007, 52 , 25. 
Kurnakoff and Zemczuzny, 
Hid., 1007, 54 , 151 
Vigourotix, Com/it. rend., 1000, 
149 , 1.378. 

Kurnakoff and Rapke, J. Hum. 

Ph ys.Chem.Roc., 101 f, 46 ,380. 
Gordon and P. P. Smith, J. 
Pln/sieulChem., 1018,22,194. 

Copper «nd chromium 

— 

McFarland and Harder,./. Roc. 
Chem. Ind., 1015, 34 , 1007. ' 

Copper and grtjd 
Copper, gold, and 
silver 

— t , 

1 )e (Vsaris/ lazze.lta, 1014 ,4 4 , i , 27 . 

■ — 

Parravano, ibid., 1914, 44 , ii, 
270. 

Copper, iron, and 
manganese 

/ — 

Parravano, ibid., 1912. 42 , ii, 
580. 

Copper and lead 

— '*/ 

Parravano and Mazzotti, ibid., 
1914,44, ".375. 

Copperand manganese 

— 

Parra vano,ibid., 101 2 , 42 , ii, 385. 

Copper and .nalla- 
ilium — 

— 

Heinrich, Ze it sell. anorg. Chem., 
1013,83, 322. 

Copper and silver . 

_ t 

Pe Cesaris, Cazzdta, 1013,43, 
ii, 305. , 

V. K. Tafel, Mdallurgie, 1908, 

Copper and zinc 

*» — 

• 

50*113. 

Guillet, Heine Mdallurgie, 1013, 


' 

10 ,1130; Compt.rend., 1012, 

Gold . 

No evitlence of compound. 

155 , 

frevin, Zeilsch. anorg. Chem., 
1005. 45 , 238. 

Hatchett, Phil. Trans., 1803, 

Cold and silver 

Tron 

See tliis volume, Part II 

Pe Cesaris, Oazzetla, 1913, 43 , 
ii, 000. ■> 

Lead 

No compounds and no solid 

• Voss,, for. at. 

-■r» 

solutions. 

Portevin, Revue Mdallurgie, 
1007, 4 , 814. 

Ma^.'iesium 

Completely miscible in fused 
state . Mg 2 N i obtained . 

v oss, for. cil. > 

Pourdino, Revue Mdallurgie, 
1015, l?„ 125. Contrast 
Schemtschuschny. Urazoff, and 
lJykowkofF, Zeilsch. anorg. 
Chem., 1908, 57 , 255; J. 
Rush. Phys. Chem. Roc.. 1007, 
39. 787. ' 

Manganese 

Compound MnNi appears to 
be formed in two mollifica¬ 
tions, stable and unstable. 
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• % 

# Elements tfiloying 
with Nickel. 

• 

Remarks. < ? 

1 

« 

Alloys studied by 

■ u 

3 

Molybdenum , 

MoNi obtained. 

‘ IJaar, Ztdwh. anorg. Chan.. 
l!)ll,7n,352. 

Palladium . * 

Seo Palladium. • 

Silicon . 1 

Sec p. 133. 


Silver . 

Soluble in nickel to o.xlc at of 

Petrenko,Zr ihi:h.tinor>i.Cfn m,. 


4 per cent., the m.jit. of 

1!H)7. 53 , g|L>. 


tho latter being thereby 

\ igouroux, Hu 11. Soc. < l> /» ., 


lowered 20° C. On solidifi¬ 
cation homogeneous mixed 
crystals separtile. 

e..*u>. tivj, 7 , <mi. 

Thallium 

Niekel retains in solid solu 
tion up to about 3 per cent, 
of thallium. 

Voss, Ivc. cit. 

Thorium 

Compound Tb 2 Ni. 

Obauvenet, Hull. Acad. rot/, 
lirhj., 1908, p. 081. 

Tin 

Evidence of formation of 

Voss, loc. cit. 


NiSn, Ni,Sn a , Ni 4 Sn, and 

(iuillet, Com pi. rend., 1 OUT, 


Nijtin. 

144 , 752. Hull. Soc. chim.. 


♦ * 

1907, |iv], 1 , 775. 


\ iguuroux, Comph: rend., 1907, 
14 S, 2-10, 429; 1907, 144 . 
039, 1351. 

(lautier, Compt. rend.. 1890. 
Ik. 1 ?, 109. 


* 
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Tungsten 

Tungsten increases oleel rival 

Irmann. M thill vnd AV~, 1915, 


resistance and ineurrodi- 

^ 2 , 3.1S ; 1017, 14 , 81. 


bility. 

Vanadium 

Vanadium and nickel are 

(liebelbausen, Zahch. awry. 


miscible in liquiu state, in 
all proportions uj» to 3ti per 
cent. V. 

(than., 1915, 91 , 251. 

Zinc 

NiZn.„ NiZn 4 , and Ni.,Zn 

V. K, Tilfr!. J/eM-w, 1807, 


obtained. • 

7S1: 1800. 5 , 118. 

• 


Ileyeoek ami Neville, Tram*. 
Cl* tn. Soc., 1897, 71 , 381. 



Yigoi^oux and Bourbon, Hull. 


• 

Soc. chiw.., 1911, |iv], 9 , 873. 


compounds or nickel 

General Properties of Compounds of NicfctS. Nickel usually 
behave* ax a divalent element. Ils’snlts wl>en anhydrous are yellow in 
colour. They can usually be obtained iif various stages of hydration, 
in tvhich eondiliou th#y art?usually green, and fretjuently yield series of 
double salts, uiuilagntis in physical properties and in chemical cTTitktitu- 
tion tp many double salts obtainable with divalent iron. Like, cooper 
salt.,, those of nickel readily unite with ammonia. Like ferrous salts 
they absorb nitric oxide, but without change of colour. 1 

Evidence has been obtained «*f the existence of highly unstable salts 
of trivalent nickel, 3 buWit has no 1 been found possible to isolate them 

from their solutions. 

• • 

1 Hiifncr, Zcitich. physikal. Chcm., 7907, 59 , 

2 Tukaudt, Zeitsch. agorg. Chan., 1905, 45 , 



110 COBALT, NICKEL, AND ELEMENTS-OP PLATINUM GHOUP 

* Nickel salts p.re antiseptic; they arrest fermentation and the 
grow'th of plants. 1 The carbonyl is intensely poisonous. ' 

Preparation of, Nickel Saffs free from Cobalt. —As • lias already 
been mentioned,'nickel closely resembles cobalt in many of its properties, 
and for many purposes it is quite unnecessary to effect a complete 
separation of the metals. When, however, pure salts of either metal 
arc required, several convenient methods are to hmid for effecting the 
removal of the unwanted element. In order to remove smalbquantilies 
of cobalt from nickel salts any of the methods suggested for the removal 
of .nickel from cobalt salts may be utilised. Of these, Fischer’s nitrite 
process is specialty convenient. « 

Allot hen '.net hod consists in adding ammonia to the impure 
bromide in aqueous solution, whereby niekrii bromide hexammoniale, 
Nillr 2 .(iNII.,, separates out in beautiful violet crystals. Since cobalt 
does not yield a similar derivative under like conditions, a very pun- 
salt of nickel may be obtained in this way. 4 The hexammoniatc of 
nickel chloride, namely, NiCL.ONIL,, may similarly be used. 


NICKEL AN1) THE, HALOGENS 
<" 

Nickelous Fluoride or Nickel Fluoride, NiF 2 .~-When anhydrous 
nfekclous chloride is heated with an excess of ammonium fluoride to 
the point of fusion, nickel ammonium fluoride is produced, of formula 
NilA.tiNlIjF. This is a yellow, amorphous powder, soluble in water. 
iVhqu heated in a current of an inert 'gas it yields amorphous nickelous 
fluoride, the ammonium fluoride being volatilised. 3 The nickel fluoride 
is yellow, and almost insoluble in water. When healed to 1200-1300° C. 
in hydrogen fluoride it is converted into green prisms, which are almost. * 
insoluble in water, quite insoluble if. ether and in alcohol, and of density 
■1-63. When heated in air, nickelous fluoride yields the oxide; with 
sulphur, t, lie .sulphide; whilst hydrogen reduces it to metallic nickel. 
When heated with potassium hydrogen lluoride, a double salt, nichcl 
potassium fluoride' Nif,.KF, is obtained in green plates of density 
3-2T. 4 » 

The triliydnitc, Nt'A-Oll/), is obtained as bluish green crystals by- 
dissolving either the anhydrous'salt in water, or nickelous hydroxide or 
carbonate in aqueous hydrogen fluoride and concentrating, lloiling 
water decomposes it with the formation of p, pale green oxyflitoride, 
insoluble in water. 5 

A dihydrate, NiF,.211/), has also been described as a green crystalline 
salt 6 soluble in witter. 

A crystalline acid salt,-NiFj.sflF.(ill/), and an ammonia,, deriva¬ 
tive, 5NiF 2 .CNIIj. 81I 2 0, have "been described. 7 Other derivatives and 
double salts are known. 8 

1 Richo and Labordc, J. Pharm. Chi in., 1888, ZJ, J, 59, 97. 

^ec pp. 43 and 112. * 

3 Poulenc, Compl. rend., 1892, 114 , 1426. 

4 Poulenc, ibid., p. 746. 

8 Clarke, Amer. J. Sci„ 1877, 13 , 291. 

8 Berzelius, Pogg. Annalcn, 1824, I, 26. 

7 Biihm, Zcilsch. anurg. Chcm., 1905, 43 , 326. But seoToBtaebcBcn, Ann. Set. tJniv. 

Jassy, 191 1, 7> 6. . , » 

8 Himbach and Kilian, AnnaJen, 1909, 368 , 101; Marignac, *4nn. Chim. Phys., 1860, 
[iii], 60 , 257. 



Ill 


NICKEL AND ITS COMPOUNDS 

Nickelic Fluoride has not as yet been *prcparc<| 1 and appears to 
iTc incapamg of separate existence. 

Nickelous Chloride < r Nickel Dichloride, NiCi,,. js prejmred in I he 
anhydrous condition by heating the finely divided metal in dry chlorine. 
It may also be obtained by evaporating to Jrynoss a solution of nickel 
oxide (or carbonate) in aqueous hydrogen chloride, and heat ing gent ly the 
solid residue iift li£ absence of air, most advanlngmuisly in dry hydrogen 
chloride gss. 2 The salt sublimes as golden scales of density 2-56.* 

When heated in air nickel chloride decomposes, evolving chlorine 
and leaving the oxide. *At dull red heat in dry hydrogen a volatile' 
compound, possibly NiCIIl, is produced. 4 Upon, ■■.'tposure to inf the 
scales absorb moisture and then become easily soluble in • a-Hcr. From 
such solutions the hcxalfydrated salt, Nil'l 2 .GlI a O, is obtained upon 
evaporation. When exposed to ammonia the anhydrous salt swells to 
a white powder of formula NiCI,.GMI ;) , readily soluble in water. A 
substance of similar empirical composition may be obtained 11 s blue 
oetahedra by dissolving nickel chloride in concentrated ammonia, and 
either allowing to cool or by addition of alcohol. 0 It evolves ammonia 
upon exposure to air, and particularly in vacuo. 

Nickel chloride is also soluble in alcohol. 

Several hydrates are known. The monohydrale, Ni(! s .II a O, is 
obtained as a yellowish green salt on adding hydrochloric acid tw a 
solution of the chloride in water. 0 The dihydratr, N'i(l,.2JI.,0.,results 
upon keeping the hcxahvdrate in a desiccator. It is yellow in colour. 

The usual form of the salt, is the hmihydralr. Nil l 2 nil1,0. which 
may most easily he obtained by dissolving one of the oxides or I be 
carbonate of nickel in hydrochloric acid and crystallising out. If yields 
• monoclinic prisms isomorphous with the corresponding cobalt salt. It 
is deliquescent, and soluble both inrvatcr and alcohol. 

The solubility of nickel chloride in water is as follows 7 : 

Temperature ° . 0 It) 20 40 GO. 100 

Grams Nil!., per 100 • 

grams solution . 05 0 37-3 01) -1 J2-3 45-1 4(5-7 

When exposed to hydrogen ulider a pressure td' 100 atmosj)hcrcs at 
250° ('., a tilth normal solution of nickel chloride deposits a little metallic 
nickel. * * ’’ 

Dduble Chlorides, -l^iekel chlorides unite with the chlorides of 
many other metals, ‘particularly (lie alkali metals and ammonium, to 
form double salts. Chief amongst these are nickel ammonium chloride,* 
NII 4 CI.Ni('l a .<!H a O, which occurs as green, monoeliiift- crystals? Jiickrl 
lithium chloride, w LiCl.NiCl„.0lLO, yields deliquescent, golden prisms. 

1 See Harbicri and Cnlzolari, Alii. 1\. Amid. Liwi, 1005. [vj, 14 , i, 404. 

< Richards and Cushman, Proc. Acad., 1807, 33 , 05; 1800, 34 , 327; Chcm. 
News, 181)7, 76 , 284, 3H3, 307 ; 1899, 79 , 103, 174, 185. "" 

8 Sohiff, Annnlcn, 1858, 108 , 21. • 

* ^Seliiitzcnbergcr, Compl. refill., 1801, 113 , 177. • 

6 Erdmann, prakt. Chan., 1830, 7 , 200; 1840, 19 , 445; Scercnsen, Zcitsch. anorg. 
Chcm., 1804, 5 , 354. 

6 Ditto, Ann. Chut. Phy*., 1881, 22 f 551. 

7 Ditto, Compt. rend., 18^1, 92 , 242. 4 

8 TmtioiT, Per., 1011, 44 , 3452. 

’WUamfl and Merrick, Chcm. Mac*, 1872, 25 , 187; Mitchell, Archiv. Pharm., 1876, 
209 , 178; Foote, J. Amrr. Chan. Soc., 1012, 34 , 880. • 

' 10 Chassevant, Ann. fhim. Phys., 18^3, 30 , 22. 
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Ubnoca'mim and (Ucwsium nickfl chlorides, CsCl.NiCI., and 2CsCl.NiCi„ 
respectively, have been prepared, 1 and a yellow diruhiemm nickel 
chloride , 3 U’RbCl.NiClo. Other,double chlorides are known, but their 
importance is snlall. 3 i 

Nickelous Bromide or Nickel Dibromide, NiRr,, may be obtained 
in the anhydrous condition by healing the finely divided metal in 
bromine vapour and '.mblinrung the product at bright fed heat in the 
absence of air. A mixture of nitrogen and hydrogen bromide is 
particularly suitable. 1 It may also be produced by addition of the 
caleylated quantity of dry bromine to finely divided nickel in ether. A 
yellow salt of com [it sit ion corresponding to the formula NiHiy.fCJl,,')/' 
results, and'this on healing yields the ether-free, anhydrous bromide,® 
The salt usually occurs as golden scales which absorb moisture on 
exposure to air. The colour, however, varies according to the stale of 
aggregation of the salt from yellow to dark bronze brown. At red heat 
in the presence of traces of air or moisture-some nickelous oxide is 
formed, but Richards and Cushman could Ibid no evidence of the 
existence of an oxybromide under such conditions. 

The sublimed salt is slowly soluble in hot water, yielding a clear 
solution, which may lie boiled without decomposition. Bert helot 6 
states that the solution on standing in air deposits nickel monoxide. 
This, however, is not the case with the pure substance. The density of 
the sublimed salt, is Hi t at 28° C. 

The irihi/drnte, NiRr,.3lI 2 0, may be obtained by introducing finely 
"divided nickel into bromine under water, or by dissolving nickel mon¬ 
oxide in aqueous hydrogen bromide. On concentrating the solution, 
the salt crystallises out jn the form of deliquescent needles. 

The solubility of nickel bromide in water is as follows 7 : 
Temperature 0 . • 0 '10 20 10 GO 100 

Grams NiRr, in 100 

grams solution . 50-0 5a-0 50-7 50-1 00 1 GO-S 

The kejntHi,draft, Nilir,.(ill,(\ has been prepared. 8 If melts at 
28-a° C., and from the liquid the trihydrate crystallises out. The 
nonahi/dmlc, NiBr 2 .9U 2 0, melting at.-2-5° C. without decomposition, 
has also been isolated'. 8 

When ammonia is added to a solution of nickel bromide, beautiful 
violet crystals of the he.rammonintc, NiRr,.(iNII 3 , separate out. These 
arc soluble in concentrated hot ammonium hydroxide, but: insoluble 
in the cold. On boiling with excess of water, nickel dihvdroxide is 
produced. Since '•obnlt. does not yield a similar derivative, the forma¬ 
tion of nickel hexammoniate forms a useful method of separating nickel 
from cobalt . 0 

Nickelous Iodide or Nickel Di-iodide, Nil,, may be obtained by 
heath* reduced nickel with iodine, or by dissolving the hydroxide in 

1 Campbell, Amcr. J. Sci,, 1894, 48 , 418. ' 

x'tSodoffroy, Bef., 1875, 8 , 0. 

3 (icwcckc) Anmlni , 1909, 366 , 217; von Hauer, J. prakt. Chcm., 1850, 68 , 590.- 

4 Richards and Cushman, Chcm. News, 1897, 76 , 284. 293. 

5 Ducelliez and Raynaud, Compt. rend., 191 t, 158 , 2002. 

6 Rerthelot., Ann. Chun. Phys., 1830, [iij, % 3SU. ^ 

7 Maid, Ann. Chun. Vhj 1894, [vii], 2 , 539. 

K Rolsehaknlf, Rum. Phyn. Chem. Roc., 1897, 29 » 28S. 

! * Rit hards and Cushman, Pm. Amcr. Acad., 1897, 33 , 95; Chcm. New«, 1897, 76 , 
284, 293. 
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aqficous hydrogen iodide, evaporating to dryness and*sub1iming ir% Ilic^ 
absence of air. It forms iron-black series. 1 Willi ammonia an am-* 
moniate is produced, wliieh is pale yellow in colour.* [Hue octahedral 
crystals of the hexa-ammodiate, Nil,. (IN 11,, result when excess of 
ammonia is added to a solution of the iodide. This loses ammonia on 
exposure lo air. becoming green and ultimately brown. 2 

The hexahyftrat«, Nil,.(ill./), may be dbtained by crystallisation 
from concentrated aqueous solutions. It is bluish green in colour, 
crystalline but hygroscopic. Its solubility in water is as follows 3 : 

Temperature 0 C. .0 10 '.'0 10 .00 .SO TOO ' 

* Grams Nil, per 100 ..a 

grams solution . '§54 57-5 50-7 00-5 fi-h.S 05-2 05-3 

The solution absorbs iodine, yielding a brown liquid containing 
probably a periodide. 

OXY-IIALOGEN DERIVATIVES OF NICKEL 

Nickel Chlorate, Ni(C10 ;1 ) a . may be obtained by double decom¬ 
position of aqueous solutions of nickel sulphate and barium chlorate.' 1 
On concentration rhombic 5 crystals of the hcrahydrate, Ni(C10. 1 ),.(>ll,0, 
are obtained, which at 30° C. are converted into the h'lriilii/ilriilfi 
Ni(t'lt).,),. 111,0. This latter salt melts at about SO’ hot the 
existence of a dihydrate in the melt, corresponding to the analogous 
cobalt derivative, has not been ascertained. The solubility of the salt 
in water is as follows 5 : 

Temperature 0 It. .8 10 40 48-5 , 55 05 70-5 

(■rams Ni(('IO ,) 2 in 100 

grams solution , 52-00 50-74 04-47 07-00 OS-78 00-05 75-50 

Solid phase . . Ni((10,),.011,0 Ni(('|l( 3 )..411,0 

Nickel Perchlorate, Ni(l'10 4 ) a , may be. obtained b, dissolving 
nickel hydroxide or carbonate in a solution of perchloric 'la, expelling 
the excess of acid at- 1J0°C., and concentrating to crystallisation. 6 The 
salt separates out- in long, green needles, soluble in water, alcohol, and 
acetone, Imt insoluble in chloroform. Tie- salt may oe dried by warming 
in a current of dry air or by prolonged exposure over sulphuric acid. , It- 
then has the formula Ni(i'10 4 ),.5ll,0. The crystals melt at 110' 
but already at 103° C. glighkdecomposition sets in with loss of perchloric 
acid and production of basic sail. The solution in water gradually 
undergoes hydrolytic dissociation, nickel hydroxide bciqg precipitated. 

If a piece of blotting or tilter papur is moistened with a solution of 
nickel perchlorate and introduced into the, tip of a Bunsen flame, a 
series of small detonations ensues. 

At — 21-3° C. the nakalnjtlrnlc, Ni(CI0 4 ),.!>II,0. is formed. — 

Two other hydrates, namely,,!he hemhydnite, Ni(t , 10. 1 ) 2 .()ll.>0, and 
the telrthydrale, Ni(C10 4 ) a .4li,0, have been described, as also ; ,he 
hexammoitiale. Ni(C10 4 ) 4 .0N1I 3 . 7 

1 Erdmann, Joe. cit. 

2 Eammelsberg, Pogg. Annalcn , 1839. 48 , 155. 

8 Etard, Ann. Chinf. Phy$. % 1S94, [vii], 2 , 540. 

4 Wc\chtor, J. pral't. Chem., 1844, 33 , 321. 

5 Mt'usser, Her., 1902. 35 * 1414. # 

6 Goldblum and Tcrlikowski, Hull. Hoc. chim 1912, II, 103, 140. 

7 Salvador!, (IJzzella , 1912, 42 f [ij, 458. 
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The solubility of nickel pel'ehloratc in water is as follows 1 : 


Temperature 0 (J. K . 

-30-7 - 21-3 

0 7-5 

18 

/ 20 

45 

Grams Ni(010 4 ) 2 iu 100 






grams of solution . 

20*505 21*00 

23-55 24-32 

25-fMi 

25-55 

27-02 

Density of solution 

_ 

1 -572B* 1-5755 

1-5700 

1-58.11 

1-5036 


The anhydrous shit, apparently cannot exist since the hydrated salt 
decomposes on warming before all the water lias been expelled. 

Nickel Bromate," N'i(l!r0 a ) 2 .(ill 2 0, may be prepared by double 
decomposition of barium bromatc and nickel sulphate solutions. It 
crystallises in unstable oetahedra which are green in colour. From its 
solution lip aqueous ammonia, alcohol precipitates the dinmmiiniuie, 
Ni(BrO.,) 2 .2NII :! . 

Nickel Iodate, \i(10 3 ) 2 , discovered by llammelsherg, is interesting 
on account of its hydrates. The anlii/dr/nix salt is obtained as micro¬ 
scopic yellow needles by heating to 100° l’. a mixture of nickel nitrate, 
iodic acid, and nitric acid. 3 It is but slightly soluble in water, the 
solubility decreasing with rise of temperature. 

Temperature 0 C. . 30 50 75 00 

Grams Ni(10 3 )„ in 100 ’ ■* 

grams solution . 1 135 1-07 1 02 0-038 

A ■nwniihiidrnlc, Ni(10. 1 ),.II 2 0, was obtained by ltammelsberg 1 as 
a bright green powder bv concentrating solutions of nickel sulphate 
and sodium iodate or a solution of nickel hydroxide in aqueous hydriodie 
acid. Clarke'’ was unable to find this salt. 

The dilii/drati', Ni(.l() a ) 2 .2ll,0, exists in two isomeric forms known 
respectively as the a and (j varieties. 

The a-salf is obtained by albwing a mixture of nickel nitrate and 
iodic acid to stand for several days at 25° to 30° C., when a crystalline 
mass is Conned. It is but slightly soluble in water. 6 

TciiTpO.e.ituro 0 C. . <0 18 30 50 (transition 

t temperature) 

Grams Ni( It).,)., in 100 , 

grams soldi ion . .0-53 0-08 0-tJti T78 

At 50“ C. in the presence of water the a-salt, is converted into the 
(1-salt, which crystallises in small prisms \v(iieh are even less soluble in 
water. Thus 6 : 

. Temporalure ° G. .8 18 50 75 80 

Grams Ni(IO ; ,)., in 100 . 

grams solution . 0-52 0-55 0-81 T03 1T2 

JTho Irilnjdrair, Ni(10 ;i ),.3H 2 0, was first ,'.escribed by Ditto,’ who 
evaporated slowly a mixed solution of nickel m'.'j'atc and an alka ine 
iodate. The salt crystallises out in green transparent prisms. 

The tetralii/dratc, Ni(I0 3 ) 2 .411,0, separates out as green hexagonal 

1 Goldblum and Tcrlikowski, Inc, cit., p. 140. 

2 Marbnch, Vngg. Annateu, 1805, 94 , 412. 

3 Mfuasor, Bcr., 100?, 34 , 2432. 

* Ramnwlsherg, Pogg. Annulcv, 1838, 44 , 502,. 

6 Glark^*, Amer. J . Sci., 1877, 14 , 280. 

8 Mcuttsor, loc. cil. 

7 Ditto, Ann . Chim. Fhys., 1890, 21 , 115. 
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prisms wlii'it a solution of nickel nit rat • anil sodimif uxlate is ciyiccu- 
tratcd bid ween 0° and 10“ C. The solubility of the salt is as follows l * 

Tempi Tal uro 0 C. ... .0 ItJ < 30 

Grains Ni(I0 3 ), in 100 grams 
solution . " . * . . 0-73 101 1 11 

The ht’.ralii/ilriilc, Ni(I0,) 3 .('dL,0, was* ]irepared by Clarke 2 Jiy 
dissolving nickel carbonate in aqueous iodic acid and allowing to slowly 
evaporate. The salt yields small green crystals of density 3-70 at 22° C. 

Two Periodates of mekcl have been described, s namely, 11 - ineso 
•all, \i 3 (I0 5 ) 2 , and the diperiodate, Nij.,0,,. The former is obtained 
as a greenish yellow amorohous salt by the action of nickel sulphate on 
a solution of \a 2 ll ;l I() u when, on boiling, the salt separates out as a 
llooeulent. precipitate. Ni,I 2 0 8 occurs as a black crystalline salt 
obtained by drying at 100“ C. the bluish green gelatinous precipitate 
resulting from mixing solutions of nickel sulphate and K,,L0 9 . 

NICK ML AND OXYGEN 

It is possible, that Tetra*nickel Suboxide, Ni 4 0, is capable of exist¬ 
ence. for Sabatier and Kspil 1 claim to have prepared it by reduction 
of nickel monoxide in a current of hydrogen at 155“ to 250“ C. 

Tri-nickel Suboxide, Ni : ,0, is believed to exist in solution when 
nickel cyanide is electrolysed between platinum clectrod;s. 6 

Nickel Suboxide, Ni.,0, has not as yet been obtained, although 
the corresponding hydroxide. NiOIT, appears to have been prepared. 1 ! 

Tin velocity curve for the reduction of nicko monoxide by hydrogen 
in the presence of a dehydrator to remove the evolved water possibly 
indicates the existence of a suboxide. 7 Ni.,0, but. Ibis is not certain. 

Nickelous Oxide or Nickel Monoxide, NiO, occurs in nature as 
the mineral HunucnUe in regular oclahcdra, of density (I t. In the 
laboratory it may he obtained by heating the hydroxide, ,-exqui-oxide, 
nitrate, •■.• carbonate, when it results as a green crystalline powder, 
which, on heating, assumes a deep yellow colour. When nickel is 
heated in steam to a dull red heat, or in nitric oxide to at least 200 ’ (’., 
nickelous oxide is formed. 8 Tli^ oxide may also he prepared by igniting 
nickel borate and lime at a high temperature, and separated as green 
crystals by treating (lie qpoled mass with aqueous hydrogen chloride. 
Its density ranges from <>•(» to (i-fl. 9 

Nickelous oxide may he reduced more or less complclt ly to the 
metallic condition by heating in a qurrent of hydrogen at 220'1'., in 
carbon monoxide at 120° C., and in ammonia above 200° C. 10 Solid 

1 Meusser, loc. cit. # 

- K. W. Clarke, loc. ril. 

2 Ivinunins, Trans. Chan. Soc., 1889, 55 , 151. 

1 Sabatier ami Kspil, Co nipt, rend * 1914, 158 , 008; 159 , 137. See Berger 'hid. 
1914, 15 &, 1798. • 

h 'I'lihaml! and Riedel, Ztihc/t. anury. Chan., 1911, 72 , 1*19. 

" Tsdiugaev and Clilnpin, Comnt. raid., 1914. 159 , 92. 

7 Berger, Gontpt.raid., 1911, 158 , 1798. Sabatier and Kspil (loc. cit.), however, regard 

it as Ni., 0 . • 

8 Saltier and Senderens, Com pi. raid., 1892, 114 , 1429. 

n Schroder, Poyg. Annuh n. 1859? 107 , 113; Gentli, ibid., 1845* 53 , 139. Playfair 
and Joule give 5-0 (.7. Chan. Sac., 1840, 3 , 5). • 

* 10 Vorster, Jahrcsher. % ,1801, p. 310. j 
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'•arLon minors il. at 450° C. Those temporal lives of rcductiop, however, 
depend upon the mode of preparation and subsequent chemical histojy 
af the oxide. B'-k'fw 300° C. reduction is not complete, but the product 
is very active calalytieally. 1 

When ignited in air, nickelous oxide absorbs oxygen, but loses it 
again as the temperature is raised. When prepared by ignition of 
niekel nitrate, the oxide contains occluded oxygen anil nitrogen, the 
latter gas predominating. 2 

In the electric furnace it melts and on cooling solidifies to green 
crystals. 3 By repeated healing to 1000° C. in excess of potassium 
chloride, amorphous nickel monoxide yields minute octahedral crystals, 
light yellowish green in colour, and of density 7-I5. 4 It becomes 
incandescent in lluorine, and in hydrogen sulphide yields an oxysulphide, 
SNiS.NiO. Acids dissolve it, yielding niekel sails. 

Niekel oxide unites with oxides of several other metals to yield 
crystalline substances of varied composition. With alumina a blue 
aluminalc, NiO.Al/k,, is obtained by fusing (lie two oxides together at. 
900° 11., using potassium chloride as a flux. It crystallises in small 
octahedra or octahedral cubes, and even a small excess of either oxide 
can be distinguished microscopically. tVi.h manganese oxide, series ol 
homogeneous mixed crystals have been obtained in an analogous 
manner, with compositions ranging from NiO.SMnO to fiXiO.MnO. 
The crystals are slightly yellowish green in colour, and form octahedra 
and octahedral cubes. t 

The oxides of magnesium, zinc, and tin likewise yield interesting 
mix l ures. 5 * 

Nickelous HydroxuL, Nickel Dihydroxide, Ni(()Il) 2 . is obtained as an 
apple-green precipitate upon warming aqueous alkali hydroxide with a 
solution of a niekel salt. The precipitate is not perfectly pure, but 
contains traces of alkali and of the original acid. 1 ’ It is very slightly 
soluble in w..ter, 7 8 but readily soluble in ammonium hydroxide, yielding 
a deep blue se-hitiou from which the niekel hydroxide is deposited in 
crystalline form on boiling. 

Niekel hydroxide may also he obtained in the crystalline form by 
allowing a solution lit' sodium chloride to stahd over mercury with a 
nickel wire connecting both liquids. The reaction is extremely slow, 
however.* 

Niekel hydroxide is formed when a fifth normal solution of niekel 
nitrate is exposed to hydrogen under a pressure of 100 atmospheres, 
and when a similar concentration of niekel acetate is exposed to 
hydrogen under the same pressure at 120" C. 9 

Nickel hydroxide dissolves in ordinary distilled water to the extent 
of 12-7 mgs. of Ni(011) 8 per litre at 20° U. 10 it is soluble in acids, 
yielding nickel salts ; when healed,'water Is evolved, leaving a residue 

1 Sabatier ami Senderens, Bull. Sue. cltiw., 19i2, T l, Gil. 

2 Richards and Ropers, Atner. Chan. «/., 1893, 15 , 507. , 

3 Moissan, Ann. ('him. Vlnjs., 1880, [v], 21 , 100; Com pi. rend., 1892, 115 , 1034. 

4 Hod vail, Zeitxch. anon/. Chan., 1015, 92 , 3S1. 

5 Ilcdvall, ibid., 1918, 103 , 249. 

0 See Tcichmann, Annalai, 1870, 156 , 17. 

7 Richards and (Juslunan, Chan. Kev's, 1899, 79> 174. 

8 0. A. Peters, Amer. J. So., 1911, 32 , 380. 

3 Ipatieff, Bcr., 1911, 44 , 3452. 

10 Almkvist, ZeiUich, anorg. Chem., 1918, i 03 , 240. 
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of nickel monoxide. It is quite insnhihh even in eon., ..L...ted solutions 
of potassium dr sodium hydroxide. 1 and is less readily oxidised in air 
than the eoiresponding cobalt derivative. Its solu ion in ammonia is 
a solvent for silk, but not Ibr cotton. 3 

Nickel hydroxide has hewn obtained in colloidal form by treatin'; a 
solution of nickel sulphate with one of sodium prut al Innate or lysalbinate. 
and dissolving the precipitate in dilute sodium hydroxide. 3 

Tri-nitkel Tetroxide, Nickelo-nickelic Oxide, Ni :i O.,, results when 
nickel chloride is subjected to prolonged heating at fi-lU ('. in moist 
oxygen. 4 In appearance it is "rev and metallic. 

• The oxide may also be obtained in the dihydrated condition, 
Ni 3 0 4 .2II 2 0 or Ni().,.2Ni0.2li,0. by fusing sodium peroxide with 
metallic nickel and removing the alkali by thorough washing, 5 when it 
is formed as dark crystals which dissolve in acids yielding salts of divalent 
nickel. Density 3-H2 at 32° C. On heating to redness nickel monoxide 
is formed. 

Nickel Sesquioxide, Nickelic Oxide, or Nickelous Nickelite, Ni 2 0 3 
or NiO.NiOo. Frequent references occur in the literature to this 
oxide, the analogue of ferric and eobaltic oxides. It would appear, 
however, from the researches of liellucci, that the substance originally 
believed to have the above composition is in reality the dioxide, Nit).,, 
or a mixture of this dioxide with the monoxide (vide infra), and that 
the sesquioxide has not as yet been obtained. These conclusions were 
arrived at as the result of studying the action of oxidising agents on, 
nickel sulphate in alkaline solution. It was found that the degree m 
oxidation depended both on the nature of the oxidising medium and 
upon the rapidity of oxidation. No arrest was found corresponding 
to the sesquioxide.* Hofmann and Iliendlmaier 7 found that, on burn¬ 
ing potassium in nickel vessels exposed to air, black prisms were formed 
to which they ascribed the formula Ni().Ni().,.K 2 (). On washing 
thoroughly with water, raven-black metallic crystals, of empirical 
composition Ni 2 0 5 II 4 , were left. These readily oxidised organic 
matter, and the authors suggested the formula Ni0.I\i0 ; .2lL,0. The 
sodium salt, NiO.gNiO_.Nn/), has also been prepared. 11 Upon hydro¬ 
lysis it yields the same hydrated oxide, Ni,0 4 .2li/). 

Nickel Dioxide, NiO* -Presumably the substance described as 
nickel sesquioxide and obtained when nickel nitrate or chlorate is 
gently heated, or when potassium chlorate is fused wit h nickel chloride. 0 
really consists of the dioxide in intimate association with mere or less 
nickel monoxide, according to circumstances fide, supra). 

The existence of nickel dioxide was lirst indicated by Dulao.l 0 who 
prepared barium nickdile, liaO. 2Ni0 2 . bv igniting nickel oxide and 
barium carbonate in an electric are. The nickeliie resulted as dark- 
coloured crystals of dcisit.y’TS at 20 ('. and attacked by water. 

1 Do Setmll.cn, Compt. rend., 1889, 109 , 200. 

- Schlossbcrger, ./. pndt. Chew., DfiH, 73 , ,‘tlit). 

3 Paul amt Briinjos, Her., 1914. 47 , 220(1. 

1 Daubigny, Compt. rend., 1878, 87 , 1082. 

3 Dudley,./. Amrr.Chem. Sue., 18911, 18 , 901 ; tlcllucoi ami Uuliceni, A Hi It Acr id. 
Lincei, 1900, 15 , it, 778. * 

* liellucci amt Cluvari, .-! H* R. Acmd. I.,imi, 1905. 14 , ii, 281. 

7 Hofmann ami llicmltnuiier, Iter., 1900, 39 , (list. 

8 liellucci ami Itubegni, lor. rill 

9 Schulze, J.pridl. Client., IS,SO, 21 , 407. 

1# Dufau, Compt. rend , 189(1, 123 , -ltl. r tl 
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I|) the hydrated form, NiQ,.,rII.,0, nickel dioxide is obtained by 
decomposing an aqueous solution of a nickel salt by warning with 
sodium or polassiiSm hypochlorite, and by passing chlorine through a 
suspension of niekelous hydroxide in water. 1 It also results when a 
neutral solution of nickel*sulphate is electrolysed. In the literature 
it is frequently referred to and described as the hydrated sesqui- 


oxide. 

The hydrated oxide readily dissolves in acids, yielding niekelous 
salts. It decomposes hydrochloric acid evolving chlorine, and hydrogen 
peroxide evolving oxygen, being itself reduced to nickel monoxide. 2 
With sulphurous acid the sulphite and dilhionatc are produced. With 
sulphuric acid oxygen is liberated, nickel sulphate resulting; with 
aqueous ammonia nitrogen is evolved. Acetic acid gives at first a 
brownish yellow colour which rapidly turns green. 

The oxide is reduced by hydrogen, carbon monoxide, and by carbon. 
The reduction in an atmosphere of hydrogen begins at about 100° C. 3 
The oxide burns in fluorine, and when healed in hydrogen sulphide 
yields water and the monosulphide, NiS. I’ellini (vide infill) ascribes 
the following graphical formula to the dioxide : 

/) ' ' 

. .tII 2 0. 

H) 


A compound of similar composition has been obtained by the action 
of hydrogen peroxide upon free niekci hydroxide or upon cooled nickel 
chloride solution to which potassium hydroxide in alcoholic solution is 
added. 4 It is a greyish green substance giving all the reactions of 
hydrogen peroxide, amf is quite different from the foregoing isomcride. 
l’ellini suggests that it is a true peroxide, namely : 


0 


Ni<^ | . ,rll 2 0. 


0 


Numerous other substances described as oxides of niekci have been 
placed on record, ami formula' suggested such as Ni.,(),. s Ni 5 Oj.“ \ ; i,,0 5 , 7 
NiO, # and Ni.,0.,. II 2 0.® These are probably not separate chemical 
entities, but mixtures of nickel, nicktlous oxide, and nickel dioxide 
according to circumstances. 

When a dilute solution of a nickel salt is electrolysed at 70° C. in 
the presence of chromic acid and an alkali pyrophosphate, the tetroxide, 
NiO, is obtained.' 0 

1 IMIuer.i arid Clavari, Gquttla. 1005 14 , ii, 251; Alii It. A trail, Linen, 1007, 16 , i, 
047. 

= Bailey, Phil. M<uj., 1870, 7 , 120. 

3 O'ai.-oan, Ann. ('him. Phyn., 1880, 21 , 100. 

4 Pelliai and Meneghini. Zeilnch. nnorij. Chem., 1008, 60 , 178, 

'Wick's .lahrenhrr., 1805, p. 1108. 

c Scliriider, (them. Zentr., 1800. i, 021. 

7 T. Bavley. (them. Nrwn , 1870, 39 , 81. 

8 Midler, Poyy. Annalen. 1800, 136 , 50. 

8 Moore, Cbm. Nei <■*, 1805, 71 , SI; 1802, 68 , 203. 

10 Jlollard, Compt. rend., 1903, 136 , 220. 
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NICKEL AND SULPHUR 

Nickel Subsulphide, Ni.,S, is slated to be obtained bv 1 
nickel monosulphidc in an electric furnace, 1 ' ltd by reduction of nickel 
sulphate with hydrogen or sufpluir at red beat 3 ; but Borncmann, 3 from 
a considerat ion of the freezing-point curve of nicki 1 sulphides, concludes 
that the subsulphide is not a separate chemical entity, but a eutectic 
mixture. 4 

Nickel Monosulphide NiS. occurs in nature as the mineral 
milkrite. It may be prepared by beating nickel and sulphur together 
or by the action of hydrogen sulphide on nickel bcaici’ no redness. 
As obtained in cither of tlrse ways it is a bronze yellow mass, insoluble 
in hydrochloric or sulphuric acid, but soluble in nitric acid and in 
aqua regia. Its density is Hit). 5 and specific beat 0I2I-S. Heated lo 
redness in hydrogen, the sulphide remains unchanged, but in oxygen a 
basic sulphate is produced. Chlorine and water vapour attack it but 
slowly, 6 The sulphide is also obtained as a grey amorphous mass by 
treating a solution of nickel sulphate at 80° C. with hydrogen sulphide 
under pressure. 7 

It has been prepared in the crystalline form similar to the mineral 
by healing solutions of potassium sulphide and nickel chloride ►> 
Kid 180' C. in a sealed tube. 8 Ammonium thiocyanate and nickel 
chloride solutions under similar conditions produce the same sulphide.* 

Nickel sulphide may also be obtained by precipitation from solid mm¬ 
ol’ nickel sails. It then occurs in three different polymeric forms, 
a, fJ, and y, according to circumstances. 10 Of these, a-niekel sulphide 
is soluble in dilute mineral acids, even with us low a concentration as 
0-01 normal, [i-niekel sulphide dissolves easily in 2-normal hydrogen 
chloride, whilst y-niekel sulphide is insoluble unless oxidising agents arc 
present. 

When dilute reagents are used -for example, nickel sulphate and 
ammonium sulphide in dilute aqueous solution -pro 1 " hlv the a com¬ 
pound is Irst formed, and then, when the solubility of this substance is 
exceeded, a precipitate separates out. which subsequently more or less 
completely polymerises to the |i and >- farms. This sulfices to explain 
the well-known fact in qualitative analysis that whilst nickel sulphide 
cannot he precipitated in acid solution by hydrogen sulphide, vet when 
once precipitated in alkaline solution it is very dillieull to dissolve 
again completely in dilute mineral acid. 11 

1 Mourlot, Compt. rend., 1897, 124 , 70S. • 

2 Arfvodson, Pogg. Annatcn, 1824, I, 05;' IT. Rose, ibid., 1847, 71 , 115; 1800, no, 
292, 411. 

3 Bornemann, Metullurgic, 190§, 5 , 13. 

4 Tsehugaov and Cldopi.i (Compt. re nit., 1914, 159 , 62) claim to have obtaipfcd the 
Hubsulphide by a wet nutliod. 

5 Konugott, fiilzungsber. K. Akad. Winn. U'noi, 1853, 10 , 295. 

0 Rose, Pogg. Annalen, 1837, 42 , 517. • 

7 h'ouque and M. Levy, Synthixe des mincraux et den rovhes. Quoted by Moissan, 
Traite de chimie minirale, 1905, 4 , 270. 

8 De Senarinont, Ann. Cltim. Phys., >851, [iii], 32 , 129, 

9 Weinschonk, Zeilnch. Krpst. Min., 1809, 17 , 497. 

10 A. Thiel and Old, Zeitseh. anorg. CJie.m., 1909, 61 , 390; Thiel and Gossncr, ibid., 
1914, 86 , 1 ; Ghent. Zen.tr., 1914, i, 18. See also do Koninck and Lenient. Zritsc.h. aiuitw. 
Ghem., 1891, p. 202; Villiers, Compt. rend., 1895, 120 , #6 ; de Koninck. ibid., p. 735. 

• 11 See Baubigny, Comvt. rend., 1882, 94 , 901, 1183, 1251, 1417, 1473, 1715 
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'I^lic three varieties of mekel, sulphide can be obtained in more or less 
'pure forms separately as follow : 

When dilute sections of mekel sulphate and an alkalnsulphide are 
slowly mixed at the ordinary temperature hi the absence of air. 85 per 
cent, of the precipitate consists of a-NiS. ..This sulphide is stable in the 
absence of air if kept in contact with pure water. In contact with 
solutions I hat dissolve it to a slight extent it. yields the fi and y varieties. 
[ 3 -nickel sulphide results, mixed with a little y, when a solution of 
nickel acetate aeidilied with acetic acid is treated with hydrogen 
sulphide. Boiling with acetic acid converts it into the 7 -lbrm. It 
appears to be crystalline, y-niekcl sulphide may be obtained in a pure 
crystalline condition by boiling the mixed sulphides with 2 -normal 
hydrochloric acid. 

Nickel Sesquisulphide, Ni 2 S.,.—A substance of this composition may 
be obtained by acting bn nickel carbonyl with a solution of sulphur 
in carbon disulphide. 1 

No indication of the existence of this compound has been obtained 
by Bornemann 2 in studying the freezing-point curve of the system 
nickel—sulphur. 

Tri-nickel Tetrasulphide, Ni.,8,, risuHs when metallic nickel is 
heated either with sulphurous acid or a solution of nickel sulphite to 
2u0 C. under pressure. 3 Its existence as a separate chemical entity is 
indicat'd by the shape of the freezing-point curves of nickel sulphides. 4 

Nickel Disulphide, NiS 2 , is stated lo result 5 on fusing nickel 
Carbonate with sulphur and potassium carbonate, and washing the 
resulting product. Chlorine converts it into the diehloride. 

Nickel Tetrasulphide, NiS 4 , is stated 6 to result when sodium poly¬ 
sulphide saturated with sulphur is allowed to act on a solution of a 
nickel salt. 

From the freezing-point curves of nickel sulphides the existence of 
two other sulphides has been inferred, namely, Ni.,S, and Ni 6 S 5 . 7 

Double sulphides of iron and nickel are present in nickel matte, and 
are lienee of eoiun. "eial importance. Double sulphides with potassium, 
K,S.:S\'iS, and barium, BaS.lNiS, may be obtained by fusing nickel, 
sulphur, and an alkali at a high temperature.*1 They are crystalline 
compounds. Cobalt yields only the sesquisulphide, Co 2 S.,, in like 
circumstances. Nickel thus resembles palladium and platinum, whilst 
cobalt resembles rhodium and iridium in these respects. The position 
of nickel after cobalt in the Periodic Table thus receives further 
justification. 

Nickel Sulphite, NiS0 3 , may be prepared in two stages of hydra¬ 
tion. The hexahytlrale,* XiS0j.GH,0, crystallises in tetrahedra on 
evaporating a solution of monoxide in aqueous sulphurous acid in the 
cold over sulphuric acid. If, on the other hand, the solution is coneen- 

1 Dewar and Jones, Trans. Client. Hoc., 1904, 85 , 211. 

2 ,Bornemann, loc. cit. ; also ibid., 1910, 7 * 007 

^ Ceitncr, Anmf'.en, 1861, 129 , 350. 

4 Bornemann, loc. cit. 

6 Fellenberg, Poijg. Annalen, 1840, 50 , 73. 

,! Terrell, Compt. rend., 1876, 82 , 1116. 

7 Bornemann, loc. cit. 

8 Bellueci, Atti R. Accad. Linen, 1908, 17 , i, 18. 

9 Fordos and Oeiis, J. prakt. them., 1843, |i), 29 , 291; Muspratt, Annalen, 1844, 
50 , 259; Bammelsberg, Pogg. Annalen, 67 , 391; Roll rig, J. prakt. Ghent., 1888, [ii], 
37, 2H. 
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tinted on the water bath, the Ictruhydmtc NiSOj.-tlf,/), separates Out 
its a grconVrystallino mass. 

The sail' readily oxidises in solnlion. It. dis* decs in ammonia, 
yielding a blue crystalline hydrated triainnioniate, Ni.U).,.:ilI.,()..‘!NII a ., 
A basic sulphite is obtained by additiof: of solium sulphite to a- 
solution of a. nickel sail, and warming.'- Willi annnonimn sulphite 
a green, crystalline precipitate of Nickel rtmmonium Sulphite, 
(Nil,).StL.:i'NiS() s . 1 ,Sl 1 2 (), is obtained. a 

Nickel Thiosulphate, NiS.O...li 11 is readily obtained by mixing 
equivalent solutions of nickel sulphate and stronlium thiosulphate.' 
•Insoluble strontium sulphate is filtered off, and Ok clear solution upon 
evaporation yielll^grccn trielinie prisms of nickel thiosulphate.' 1 

Stable in air at ordinary temperatures, the salt, decomposes 
at 100° C. With ammonia it yields two ammoniates, namely, 5 
NiS 2 ().|,(ilI 2 0. tNII 3 and NiS 2 0 3 .311 2 0.OMl :1 . 

Nickel Dithionate, NiS 2 O 0 .(iILO, may lie prepared by double 
decomposition of barium dithionate and nickel sulphate solutions." On 
conecnlration of the filtered solution, green trielinie prisms separate 
out. From its solution ammonia precipitates the hexanmumiate, 
NiSjOj.CXIIj. 

Nickelous Sulphate or Nickel Sulphate, NiS0 4 , has been ob¬ 
tained in various staves of hydration. Ils solution is prepared 
dissolving the hydroxide or carbonatt in dilule sulphuric acid. When 
crystallised at 15-20” the heplahj/drate, NiSO.,.711.,0, is obtained n- 
green rhombic prisms, isomorplufhs with the corresponding ferrous and 
zinc sulphates. Ils density 7 is 1-S77, and speeilie beat (Kill. 

Owing to its resemblance to ferrous sulphate or green vitriol it is 
frequently known as nickel vitriol. It is found in nature as the mineral 
moresoniie. It rfllorcsccs ill a’r, yielding I he hexahydrate. At 100 C. 
it loses t molecules of water, and at 2S0” hceimies anhydrous. 

Its solution, evaporated at 50° to 00' (’. or allowed to stand alter 
addition of excess of dilute sulphuric acid, deposits crystals of the 
hcxahj/ilrntc , NiSO 4 .0lI 2 O. These are blue, tctragoi pyramids.* The 
same hydfiite is ])rodueed by prolonged exposure of I he heplahydrate 
to air. This is an example of simple rllloresconcc, 8 and is not dependent 
upon simlighl as was once supposed." 1 If the crystals of heplahydrate 
occupy only a small portion o’ the containing vessel, they lose water 
with the formation of the hexahydrate, whether they are exposed to 
light or not. On the other hand, they are not changed, even by strong 
light, if the surrounding air is saturated with water vapour, or if the 
crystals are in contact with lilter-paper moistened with turpentine, or 
if they completely till the vessel coni aiding them. The hexahydrate is 
also produced by prolonged exposure of the anhydrous salt to moist 

i Mus|>ratt, lor., cit. , Kfthrig, lor. rit. ' , m 

3 Seubert, and Elte.i, Zeilsch. anonj. Chnn., 1803, 4 , 41; Boetlingor, .Lu, -In., 1 844, 
51 , 400. 

1 Vftgliind, Bull. Soc. chim.; 1874, 21 , 212. 

* Itanunelsborg, Bogy. Anmle.n , 1842, 56 , 800 : T-etU, .1. Chew. Sue.. 1870, 23 , 424, 

8 Vortinann and Padberg, Jahreeher., 1880, p. 574. 

8 Baker, Chem. Newer, 1877, 36 , 203.• 

7 Thorpe awl Watts gav» 1-949, and ieliitf gave 1-031 for Hie density ol (lie le- 
crystallined heptahydratc. 

B Pierre, Ann. Chim. Rhys., 1818, |iii], 16 , 252. 

8 DobroserdolT,./. Rues. Rhys. Chew. Sor., 1000, 32 ,* 30 U. 

111 Phillips and Coopec, 1‘ogg. Arnirtterij 18211 , 6, 104. 
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air (vide infra). The hexatiydr^tc may further be obtained by leaving 
the lfcptahydratc for some hours in coni act with its saturated solution 
at 32° to 53“ 0. The salt is dimorphous. 1 At temperatures above 54° C. 
both the heptahfdrate and the blue hexahydrate are rapidly converted 
into green monoclinie crystals containing (f molecules of water. 2 

The Mrahi/drale, NiSO.,. MHO, has been prepared by crystallisation 
from a solution of th',: heplahvdrate in sulphuric acid r.f density 1-4. 3 

The dihydralc, NiSO,.211,0, is formed from solutions by evapora¬ 
tion at temperatures above 118° C. It may also be obtained by the 
action of concentrated sulphuric-acid ii])on the liepta- or hexa-hydrate. 4 
On heating the hexahydrate to 100“ t\, 5 molecules of water are 
expelled. I lie nwunhi/dratr, NiSO,.H/), being produced. The same 
hydrate results when concentrated sulphuric Acid is added to a solution 
of nickel sulphate, being precipitated from solution, 5 and when a twice- 
normal solution of nickel sulphate is heated to 100° C. under a pressure 
of 100 atmospheres of air or nitrogen. 6 At 280° C. the hydrated salts 
yield anhydrous nickel sulphate, which is yellow in colour. It absorbs 
moisture slowly from the air, yielding ultimately the hexahydrate, and 
in contact with water rehydrates itself, passing into solution if sullicicnt, 
water is present. Density 3-043, spr.-ifi - heal: 0-210. 7 Heated to 
redness in air it yields nickel monoxide. Heated in a tube open at 

i, .,th ends it begins to decompose at 708° C. to the monoxide. 8 Carbon 
reduces, it to the free metal. A fifth-normal solution of nickel sulphate 
deposits metallic nickel at 180° C. under a pressure of 100 atmospheres 
of hydrogen.t 

it readily absorbs ammonia gas, yielding the hexammoniate, 
NiSOpONIIi If the anhydrous salt is dissolved in concentrated 
aqueous ammonia, however, a dihvdrated tetrammoniale is produced, 
namely, NiSO,. tNII, .211 A>, which separates out in dark blue tetra¬ 
gonal prisms 9 which arc unstable in moist air. 

The solubility of nickel sulphate in water at various temperatures 
is as follows 10 : - 

Temperature ° (!.. . . 0 0 22 (5 80 34 

Grams NiS0 4 in 100 grains 

water . . ... 27-22 81-55 37 00 42-4(5 45-5 

Solid phase. ... 1 XiS0 4 .711 2 0 , 

Temperature 0 C.. 

Grams NiS() 4 in 100 grams 
water .... 

i 

Solid phase .... 

1 Spe Phillips and Cooper, Pogij. Avnalrn, 1820, 6, 104 ; Mitscherlieh. ibiiL, 1*827, 

ii, 320; Pierre*, Ann. ('him. Phys ., 184(5, 16, 252; Hunt, duhnshrr. 1850 p. 757; 
Itcusch, Puijtj. A nnakn, 1854, 91, 517; H. Kopj., Her., 1870, 12, 003; Hoisbaudran, 
Com))}, rend., 1808, $6, 407. 

1 Steelo and Johnson, Trans. Client. Sac., 1004, 85, 110. 

3 De liruyn, Her,. Trav. chim ., 1003. 22, 407. 

4 Etard, Com.pl. rend., 1878, 87, 002 

5 Lescouur, Cliem. Zrnir., 1805, i, 525. '• 8 Ijulieff, Be*., 1011. 44• 3452. 

7 Pape, Poijg. Annalr.n, 18(53, 120, 300. . t, 

8 Hofinann and Wanjukow, Met. and Ohm, Eng'., i012, io, 172. 

,J Erdmann, ./. jrrakt. Chrm., 1830, 7, 240; Kano. Annalen. 1838. 26. 109, 

10 Steelo and Johnson, hc...cit, 
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The transition points are as follow : . 

Ileptnhyd ■ate-''lllue hexahydrate -{-‘saturated solution |31-5°C.] 
Illue hexahydrate v>-Green hexahydrate |,i" 3° C.| 

Green hexahydrate -s. Dihvdrate ]- satun ted solution [uncertain| 

Several Basic Nickel Sulphates have bcen,doseribed, hut these 
are of less interest and importance. 1 

Nickel sulphate yields numerous double salts. Of these the most 
important is Nickel Ammonium Sulphate, (N11,)._,S<),. XiSO,. Ul 1 ^0, 
which is largely used in electroplating. It is rcdily prepared by 
tabling the requisite quantity of ammonium sulplia.1 e to a concent rated 
solution of nickel sulpha!" in dilute sulphuric acid. It crystallises in 
bluish green monoclinic prisms. These are less soluble than the 
corresponding cobalt salt. 

Temperature« <\ . . 3-5 10 10 20 30 40 SO 08 80 

< trams of salt in 100 arums 

water . . 1-8 3-2 5-8 5-9 8-3 11-0 14-4 18-8 28-0 - 

The corresponding Pota-sh m, 3 Rubidium, and Caesium salts lmve 
been prepared, and their crystallographic elements determined. 4 

Anhydrous Nickel Ammonium Sulphate, 3NiS0,.2(NII 4 lgS0 4 . h.... 
been prepared by fusing together 6 nickel sulphate, oxide, hydroxide, 
or carbonate and excess of ammonium sulphate. It combines with 
water evolving beat. When ignihed, anhydrous nickel sulphate n inaiisi 
I .e-hind. 

Nickelie Sulphate docs not appear to be capable of a separate 
existence." 


NICK lib AND SELENIUM 

Nickel Subselenide, Ni.,So, is obtained as a golden yellow com¬ 
pound by tile prolonged action of hydrogen upon the higher selenides. 7 

Nickel, Monoselenide or Nickel Selenide NiSc, results in 
regular double tetrahedra when nickel is exposed at dull red heal to 
vaporised selenium dilflled with nitrogen. It is-also obtained by the 
action of hydrogen selenide uigin anhydrous nickel chloride at bright 
red heat. 7 It is greyish blue in colour. Density S-M'i. 

Nickel Sesquiselenid^ Ni.,Se ? , is obtained by exposing anhydrous 
nickel chloride to hydrogen seleifide at dull red heat. Nickelo-nickelic 
Selenide, Ni 3 Sc 4 , is obtained in I tie same way as q grey product appa¬ 
rently crystallising in the cubic system. The Diselenide, NiSi*,, is a 
dark grey compound obtained by lieating^mhydrous nickel chloride in 
hydrogen selenide at 300“ C. 7 

•Nickel Selenite, NiSeO*. has ‘been prepared in several singes of 

1 Marshall, Analyst, 1899, 24 , 202; dc Clermont, Compt, rind., 1893, 117 , 229; 

AthanaHesco, ibid., 1880, 103 , 2?1. » 

2 Sec Tohler, Annalcn, 1855, 95 , 193; von Hauer, J. prnH. Chem., 1868, 103 , 114; 
Oroshans, Rec. Trav. chim., 1885, 4 , 230. 

3 Tobler, An mien,* 1855, 95 , 193; v*)ii TTauor, •/. jrrall. Chem., 1808, 103 , 114. 

4 Tutton, Tram 1 . Chem. S$c., 1893, 63 , 337 ; Phil. Trans., 1915, a, 216 , 1. 

fi Laohaud and Lepierre, Bull. 80 c./him., 1892, 7 , 000; Compt. rend., 1892, 115 , 
115. * • 

8 See Tubandt and Riedel, Zeitsch. anorij. Chem., 1911, 72 , 219. 

7 Fonzes-Diacon, Compt. rend., 1900| 131 , G50, 



124 COBALT, N'CKEL, AND ELEMENTS OF PLATINUM ‘(3POU? 

o & 

hydration. The scmiliydndc, ,2NiSe().,. II 2 0, is obtained as insoluble 
'rhombic prisms by heating a solution of nickel carbonate Si sclenioi.s 
acid to 230'’ C. im scaled tubes. 1 It is stable at, 100° C/ The mono- 
, hydride, NiSeO, MLO, is precipitated on addition of an alkali selenite to 
a solulion of a nickel salt. ! (in drying over sulphuric acid it becomes a 
grey powder. 2 The dihydrate, NiSeO.,.211,0, has also been obtained. 3 

Nickel Selenate, NiSe0 4 .GII 2 0, may be obtained as green octa¬ 
hedral crystals by allowing a solution of nickel carbonate, in selenie 
acid to evaporate slowly at ordinary temperature. 1 

Nickel selenate unites with the selenatcs of the alkali metals to 
yield double salts 6 ., pf the type M_jSe0 4 . NiSe0 4 .GILO. These salt? 
crystallise iii'holohedral prisms belonging to the monoelinic system, and 
are isomorphous with tlie double sulphates Of analogous composition, 
of which ferrous ammonium sulphate is the best known example. The 
following salts have been carefully studied by Tutton 0 : potassium 
nickel selenale , K 2 SeO 4 .NiSeO 1 .0lI 2 O (density at 20° C. 2-559, mole¬ 
cular volume 200-14) and the nickel selenatcs of rubidium (density 
2-350, molecular volume 219-90), civsinm (density 3-114, molecular 
volume 229-17) and ammonium (density 2-243, molecular volume 
210-53). > . 

NICKEL AND TELLURIUM 

Nickel Sesquitelluride, Ni a Tc 3 , occurs in nature as the mineral 
melniiile. It may ire prepared by the addition of sodium telluride 
Solution to one of nickel acetate acidulated with acetic acid. 7 The 
resulting black precipitate has the composition Ni a Te a .4HjO, and 
when heated in hydrogen yields Nickel Monotelluride, Ni l e. 

Nickel Tellurite may be obtained as a pale greenish yellow pre¬ 
cipitate of composition NiTe().,.2IT 2 0, by addition of sodium tellurite 
solution to one of nickel chloride. 8 When heated it loses water, becom¬ 
ing light brown in colour. 

"'■-NICKEL AND CHROMIUM 

Neutral solutions of nickel salts produce with potassium chromate 
a chocolate-brown precipitate of hydrated basic nickei chromate, 
NiO.'NiCrO,,. Aq. It. forms only slowly in the cold, even from concen¬ 
trated solutions. Roiling hastens the precipitation. The reaction may 
be utilised in detecting small quantitie., of nickel. 9 

Nickel Chromate, NiCr0 4 , is obtained by maintaining a solution 
of nickei carbonate and chromic acid at 200" C. in a sealed tube for 

1 Bnutzourcano, Atm. Chim. /’/,</.»., ISHI), [yi], x 8 , 203. 

2 Muspratt, J. Chan. Hoc., 18411, 2 , 52. 

3 Nilson, Bull. Hoc. chim., 1875, 23 , 353. ‘ 

4 VoiTflaiuT, ./. prakl. Chcm., 1800, 80 , 217; von Ra«.h, Pcjg.Annalcv, 1802, ns, 
483; 116 , 301. 

5 Von Hauer, loo. cit. 

0 Tutton, Phil. Trans., 1917, a, 217 , 199. 

7 Tibbals, J. Amer. Chcm. Hoc., 1909, 31 , 902. See also Margottet, Thise <k Paris, 
1879. 

8 Lenher and Wolesensky, J. Amer. Char, Hoc.., 1913, 35 , 718. The sodium tellurite 
is obtained by fusin'? eqnimolecular quantities of sodium carbonate and tellurium 
Jioxido. Tt readily dissolves in water and crystallises with 5 molecules of water, 
thus Na 2 Te 03 . 51 l, 0 . 

v Weil, Bull. Hoc. chim., 1911, 9 , 20. 
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several hours. It yields black crystals insoluble in hot dilute nitric 
;A'id, and tnly slowly attacked by concent rated nitric acid or aqmf 
regia. 1 On \>ouring alcohol into an aimnoniacal so’utiou of this salt, 
the hexammoniate, NiCrO,MiNH,, separates out in didiroic crystals. 

Nickel Dichromate, 2Nil’r 2 0 7 .3lI 2 0, is* obtaired by heating at 
aqueous solution of nickel carbonate and chromic acid to a high tem 
pcraturc. It occijrs in reddish brown IraHspareftt. prisms, which an 
deliquescent. 2 

Double Chromates. Several double chromates containing nickel 
have been prepared. Amongst these are pnUisxiuw nickel chwinnlc, 3 ' 
d£ 2 Cr0 4 .Nil.'r0 4 .GII 2 0, and the corresponding ujn'umiuni. rubidium, 
and cicsium salts. Basic chromates have also been described. 1 


NICKEL AND MOLYBDENUM 

Alloys of nickel and molybdenum are prepared by direct union of the 
two metals or by reduction of their mixed oxides in the elect ric furnace. 

Nickel Molybdate, NiMo0 4 , is prepared by fusing a mixture 
of sodium molybdate and chloride with nickel chloride. It occurs 
as green prisms. 5 The hydrated ammoniatc, NiMo0 4 .Nil,.2H s O, is 
obtained as greenish blue prisms by dissolving nickel hydroxide in 
anunoniaoal ammonium molybdale. 6 J 

Complex niekelo-molybdales have been prepared; 7 


NICKEL A\’D MT110CEN 

Nickel Nitride, ?Ni a N (or Ni,N.,). has been obtained* by beating 
•reduced nickel in a current of ammonia at afloat 500 1 ’ C. It is also 
formed when niekelamidi, Ni(NHj).* is la.tied at, 121)'’ C. in a vacuum. 5 
Nickel nitride is a black powder, readily soluble in dilute hydrochloric 
or sulphuric acid, and completely decomposed when heated in hydrogen, 
its nitrogen being evolved as ammonia. 10 

Nickel Azoimide, Ni(N.,).,.ll.A), and a Basic A^lni'de, N :l .Ni. Oil, 
have been*obtained 11 as green explosive cryslalhn. bodies, exploding 
at 2)7 271 C. Bright green, explosive Potassium Nickel Azoimide, 
KN 3 .Ni(N 3 )j, has also been prepared. ' 

Nickelamide, Ni(NII 4 ) a , is precipitated us a ml, lloeculenl mass 
when n solution of nickel thiocyanate in liquid ammonia is t reated with 

1 S. H. 0 . Briggs, Zcilnrli. unorij. Chan., iUUl), 63, iSgs. 

2 Briggs, ibid., 1907, 56 , 249. 

3 Briggs, Tram. Chan. Sue., 1904. 85 , 077; 1903, 83 , 391. S$e also Gw&ci ,%/eilsch. 
anorg. Chan., 1908, 58 , 412; 1900, 51 ,' 348/ 

4 Freese, Pugg. A nmile 11 , 1870, 140 , 231. 

6 Schultze, Anwdui. 1807, 144 , 232. 

* Sonnensdicin, J. pro If. Chan., 1851,* 53 , 339. % 

7 See Barbiori, Atli 9 U. Accad. Li net i, 1914, jvj, 23 , ii, 357 ; Chretien, Cr-ihpt. rend., 
1890, 123 , 178. 

8 J3rilby and Henderson, Trans. Chan. Sue., 1901, 79> 1251. 

* Boh art, Physical Chan., 1915, 19 , 537. 

10 In no ease could Beil by and Heuders-on induce the nickel to combine with more 

than 7-5 per cent, of nitrogen ; Ni a N recfniiox 7 30 per cent.; Ni 2 N requires 10 0 per cent. 
If the latter formula is comet for the nitride, av analogy with iron and cobalt would 
load on# to anticipate, the. substance obtained by Beil by and Henderson was probably 
a solid solution of nickel in the nitride. • 

11 Curtins and Kissom, J. pralct. Chcm., 189S, [ii], $ 8 , 201; Curtius and Datupsky, 
ibid,, 1900, 61 , 418. 
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an equivalent amount of fjotassamidc solution. It reacts with water, 
producing nickel hydroxide and ammonia: 1 1 

Ni’tNII 2 ) a + 2lJ,0 ^ Ni(01I) 2 + 2NH,. 

At 120° C. it yields nie.’.el nitride. 1 

Nitro-nickel, Ni 2 N0 2 . —When nitrogen peroxide, suitably diluted 
with nitrogen, is patsed over reduced nickel, a hlnck l nmss of nitro- 
niekcl is obtained. 2 Water decomposes it vigorously. Whet, heated in 
a current of nitrogen nitrous fumes are first evolved, then the substance 
decomposes with violence, leaving a residue of nickel and its oxide. 

Nickel Nitrite,' ,\i(NO a ).,.- A solution of nickel nitrite is obtained 
by double ilc-omposition of nickel sulphate and barium nitrite, but the 
salt itself has not been isolated. It yields a stable double salt with 
potassium nitrite, namely, 4KN0 2 .Ni(N0 2 ) 2 , which crystallises in 
brownish red octahedral when excess of potassium nitrite is added to a 
concentrated solution of nickel nitrite. 3 In the presence of a calcium 
salt a yellow crystalline precipitate is obtained, of composition repre¬ 
sented by the formula 4 2KNO,. Ca(NO s ) 4 .2Ni(N() 2 ) 8 or K 2 CaNi(N0 2 ) # , 
which closely resembles potassium cobalti-nitrite in appearance. The 
corresponding barium and strontium salts have been prepared. 

Nickelous Nitrate or Nickel Nitrate, Ni(N() ;l ),.~ This salt may be 
.Stained in the anhydrous condition by the action of nitric anhydride 
or a solution ol’ this in nitric acid upon the hydrated salt. 5 It is a pale 
greenish yellow powder, which decomposes at 105° to 110° €., evolving 
nitrous fumef. 

The hexahydrate, Ni(N0 3 ) s .Cll 4 0, is dimorphous. It is obtained as 
green monoclinic crystals by concentration of a solution of nickel 
hydroxide or carbonate in dilute nitric acid at. temperatures below 
55° C.—most advantageously at about. 4')° C. Density « 2-005 at I t ('. 
At low temperatures the salt, separates out in crystalline lamella . The 
crystals deliquesce in moist air and effloresce in the dry. Their solubility 
in water is as follows 7 : 


Temperature ° (.-•. . 

Grams Ni(N0 3 ) 2 pur 100 g.’ams solution. 

Temporal un*'Ml.. . ' . 

Grams Xi(N0 3 } 2 per 100 grams solution. 


- 21 

- 12-5 

- 10 

- 0 

39-94 

41-59 

4211 

43-00 

0 

20 

41 

50-7 

44-.32 

49-00 

55-22 

02-70 


The composition of a saturated solid ion of .the hexahydrate in' water 
at temperatures ranging from - 21° tx> 41° ( . is given by the expres¬ 
sion 7 : 

. - I«(NOj) 2 +(12-880 - 0-11355I)Il 3 O. 

Crystals of the hexahydiutc melt, at about 5(1-7" C., losing 3 mole¬ 
cules of water. If maintained at 70° C. they melt, large orthorhombic 

1 iMihart, loc. cit. 

2 Sabatier and Sendercas, Hull. Bor. chim., 1893, fiii], 9 , 00!). 

a W. Fischer, Annalcn, IS-18, 74 , 115; Lang, 'J. pro hi. Chan., 1802, 86 , 2!)!); 
Ham pc, A nnalai, 1*03, 125 , 384. 

4 Lang, Jahrexljcr ., 1802, p. 101; Ilampe, ibid., 1803, p. 103 ; Kiinzcl, Zeitwh. anal. 
Chon., 1804, 3 , 101; Krdmann, J. pruli. Chtm , 1800, 97 , 385; Heichaid, Chem. Zcit., 
1904, 28 , 479, 885. 

fi Guntz and Martin, Ball. Sac. chim., 1909, 5 , 1004. Compare Ditte, Compt. rend., 
1879, 89 , 041. 

8 Clarke, Amer. J. ScL, 18771) 14 , 281. 

7 Funk, Zeilsch. anorg. Chem., 1899, 20 , 392. 
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crystals of the Irihijdrule, Ni(N0 3 ) 2 .,;ill.,0, being produced. Tfiis 
Itydrate is*stable between c. 55° and 95° ('., ttl which latter tension# 
lure the crystals melt with simultaneous decomposition. 

The solubility of the trihydratc iu water is ns foilo'vs 1 : 

Temperature 0 C. . S 8 00 (A < 0 90 95 

Grams Ni(NO : >)., per # 

100 grains* solution. 01-01 01-99 02-70 03-95 70-10 77-12 

At 55“ C. nickel nitrate has nearly the same solubility as the corre¬ 
spond! n;> cobalt salt, • 

At — 10° C, the nuiiahi/dratc. Ni(N0 s ),.9M,0 4 <-fln be isolatt-d from 
the solution, bid only with dillic-ulty on account of tiiodow tempera¬ 
ture. Its solubility in Witter is its follows 1 : 

Temperature “ C. . . —23 , —21 —10-5 

Grams Ni(N (),) 2 per 100 
grams solution . . 39-02 39-18 1113 

The solubility curve of this hydrate intersects that of the licxa- 
hydrate at — 10 ’ C. 

When alcohol is ,uddcd»to»a solution of nickel nitrate in aqueous 
ammonia, blue octahedral crystals of the monohydrated tt'lranniinnialc, 
Ni(NO,),.-INII j.H jO, separate out. These are unstable in air . 2 

Double Nitrates.— A double nitrate of nickel and bismuth, 
3Xi(N(),) 4 .2lli(N0 3 ) 3 .2411 jO, has been prepared as preen crystals, 
melting at 09“ C. without decomposition . 3 Other double nitrates jr 
known , 1 including double nitrates of certain rare cartlj metals,’’ and 
several basic salts had been prepared . 0 

NICKKL AND T’llOSl'IlOllUS 

Nickel Subphosphide or Di-nickel Phosphide, Nul’. is obtained in 
the form of prey needles, of density (i-3, when nickel and phosphorus 
are heated together in an electric litrnaec , 7 or win-: reduced nickel is 
exposed ill. dull red heat to xupnurs of phosphorus trichloride . 8 tri¬ 
bromide, or tri-iodidik Small'brilliant yellowish white crystals are 
obtained by this latter process. Nickel sub])hos))hide also results on 
reducing the phosphate with ilydrugen at high temperatures , 0 and by 
pouring a suspension of nickel hydroxide into a boiling solution of 
caustic potash to which'pho.xpliorus has been added . 10 A brown pre¬ 
cipitate is lirst formed, but after a few minutes a black residue of 
Ni,l’ or Ni 4 P 8 is obtained, which dissolves but slowly in most, dilute 
acids. Towards concentrated nili'ic acid.it behaves like iron, but 
readily dissolves in dilute nit ric acid. * 

,0 Kunk, Zcitneli. <nwr<jPChcm\ 1S99, 20 , 393. 

- Krdinami, prnhl. Chni i, 1S30, 7 , 2011; 1810, 19 , 445; Schwarz, ih : ikfill, 51 , 
319; Laurent, .bur. Chim. I'hyx., 1SS2, 36 , 353. 

” t Atuiin and Iareombo, Coiiipt. raid.. 1903, 137 , 5(18. 1 

4 Sec It. .1, Meyer amt Jacoby, Zciiseli. iiuurtj. Chou., 1901, 27 , 359 ; I.iuieieri, Chan. 
Zeulr., 1912, i, 208. 

6 Set- (t,is Series, Vet. IV, p, 401. • 

e Konsscau and Tito, Conipl. run!.. 18S2. 141 , 1184. 

7 Mnronneau, Goinpt. rend.. 1900, 130 , 060. 

“ Granger, Am. Chim. l'lujn., 1898, 14 , 49. 

4 Struve, J. pro 1,1. ('.hem., 1800, 79 , 339. 

10 Schenk, J. Chem. Hoc., 1874, 27 , 2|4. Sec also Knlisch, Annates, 1S85, 231 , 357. 
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Nickel Sesquiphosphine, Ni 2 P 3 , was obtained by Granger 1 fiy 
passing phosphorus vapour over nickel at a low red heat. It is 
non-magnetic, grey, and triable, insoluble in hydrochloric or nitric 
acid, as also in nqua regia. It is permanent in air up to a dull red 
heat. 


Nickel Diphosphide, NiP a , is prepared 2 by heating an alloy of 
nickel and tin, containing 5 per cent, of the former metal, with phos¬ 
phorus in a sealed tube to a temperature of 700° C. If the alloy is 
healed with less than 20 per cent, of its weight of phosphorus lhe 
nickel diphosphide may he isolated from the residue by treatment with 
warm concentrated hydrochloric acid, in which it. is insoluble. 

The phbsphidc is a crystalline substance, of metallic appearance, 
and of density f-(52 at 18° C. 

Nickel Triphosphide, Nil’j, results 2 on heating an alloy of nickel 
and tin, containing 5 per cent, of nickel, with more than 20 per cent, 
of its weight of phosphorus in a sealed tube to 700° C. Tin triphosphide, 
SuPy, is simultaneously produced, Imt may he decomposed by healing 
the mixture under reduced pressure at 300° C. Treatment with hydro¬ 
chloric acid removes the products, leaving the triphosphide as a crystal¬ 
line residue, of density f I9 at 18° C. i i 

The phosphides, Xi r , I and Ni .P, have been described. 3 The former 
\! /: these exists in two inodilicnlions, namely. [iXi-lb, which is stable at 
high temperatures and is transformed at 1025° C. into aXi 5 P 2 . 

„ Nickel Hypophosphite, XiII 4 (PO,) .0ll 2 O, may be. obtained by 
double decomposition of nickel sulphate and barium hypophosphite 
solufions, or by dissolving nickel hydroxide in hypophosphorous arid. 
From the solution thus obtained the hexahydrated salt crystallises out 
in green regular oetahedra. 

On warming the solution to 100 ° C. metallic nickel is deposited in 
consequence of partial decomposition. On raising the moistened 
crystals to J20° ('. the salt is completely reduced. 4 

Nickel Phosphite, Ni 2 (IlP0. < ) 2 .Il 2 0.Cll 2 0, may be obtained in an 
analogous manner to the preeedin'g salt. 

Nickel Metaphospiiate, Xi(P0 3 ) 2 .—The anhydrous sail is obtained 3 
by the action of phosphoric acid on nickel sul; hate at 300° C. It is 
a yellow substance, insoluble in water and most acids, but attacked 
by concentrated sulphuric acid. It may be obtained in the crystalline 
form by melting with mclaphosphoric acid. 

A polynie/idc of this salt, name'y, Nickel Hexametaphosphate, 
[Ni(PO,)j] 3 or Xi 3 P 6 0, 8 , is obtained as a green, gelatinous precipitate 
on add'ti in of the corresponding sodium salt to a concentrated solution 
of nickel chloride. 6 

Nickel Orthophosphate, Ni.,(P0 4 ).,.7ir,0, may be prepared by 
adding sodium orthophosphate to a solution of a soluble nickel salt. 7 
It is fade green in colour, turning to yellow when heated. 8 A double 


Granger, Com pi. rand., 1800, 122 , 1484. 

2 Jolibois, ('ompl. rand., 1910, 150 , 100 . 

3 Konstantinoff, ./. Rum. Pbjs. Chain. Hoc., 1908, 40 , 742. 

4 Kammolsberg, Bar., 1872, 5 , 494. 

6 Maddrell, J. Client. Hoc., 1846, 3 , 273. 

fi Luudert, Zcitsch. anorg Chan., 1893, 5 , 39. 

7 Rammelsberg, Bogg. Annalen , 1846, 68 , 388. 

8 Salvetat {Gom.pt. rend., 1859, 48 , 295) has suggested its employment for pigmentary 
purposes. 
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phosphate £>f potassium and nickel, namely, aK 3 P0 4 .Ni a (I*0 4 ) a ? ha# 
been isolated. 1 

Nickel Pyrophosphate, Ni 2 P 2 O,.0lI 2 O, results as a green amor¬ 
phous powder on adding sodium pyrophosphate solution to one of a 
nickel salt. It is soluble in^excess of the former reagent, in mineral 
acids, and in aqueous ammonia. It may be obtained in the crystalline 
form by dissolving in sulphurous acid and reprccipitating by boiling. 2 
The anhydrous salt is obtained by igniting the double ammoniacal 
orthophosphate. Its density at 25° C. is :i-i)3. 3 

Several thiophosphates of nickel have been prepared. 

• Nickel Thio-orthophosphate, Ni 3 (PS,) 2 , is obtained by heating 
the requisite quantities of anhydrous nickel chloride and phosphorus 
pentasulphide in a retort 4 : 

3NiCI 2 + 2P 2 S 5 = Ni 3 P 2 S 8 + i'PSClj. 

The thiophosphoryl chloride distils over, and the residue is freed from 
nickel chloride by treatment with hydrochloric acid, washed and dried. 

The salt yields brownish black crystall nc plates, which ignite on 
heating in air, evolving sulphur dioxide. 

Nickel Thiopyrophosphit", Ni 2 P 2 S 6 , may be obtained 5 by beat¬ 
ing nickel for forty hours with sulphur and phosphorus in sealed lubes. 
It forms brilliant grey hexagonal crystals of density 2-4. They are very 
resistant to acid attack, even to nilrohydroohloric acid. 

Nickel Thiopyrophosphate, Ni 2 P 2 S„ has been obtained in :■ 
similar manner to the preceding compound 6 by heating for twenty-1« ■ ■ 
hours. It is a deep brown crystalline powder, which is attacked by 
nitric acid at 150" C. 


NICKEL AN1) ARSENIC 

Nickel combines with arsenic in several different proportions, 
yielding arsenides. 

Tri-nickel Diarsenide, Ni 3 As a ,' is formed by reducing nickel 
arsenate or a mixture of nickel oxide and arsenious cate with potassium 
cyanide , 7 and also when reduced nickel is healed at 800-1400° C. in 
vaporised arsenic chloride . 8 It is a grey substance, which melts at 
1000° C. ; density 7-80. It is soluble in acids and fused alkalies. 

Nickel Arsenide, NiAs, is formed by the above method at 400- 
800° C. • It is idonl ical wit^ the mineral niccolite or nickeline* and has, 
like it, a red colour. Density 7-57. 

Nickel Diarsenide, NiAs 2 , occurs in nature as chlotmihiie and 
Rammekbergite. It, may be prepared, by heating nickel arsenide and 
arsenic in hydrogen at a decreasing tcmpi/ature, being formed as a 
grey powder as the temperature falls below 400° C. 10 

1 Ouvrard, Ann. Chim. Phys., 1889, 16 , 323. 

2 Sehwarzenborg, Annale.n, 1848, 65 , 158. 

3 Clarke, Amer.Sci., 1877, 14 , 28(1. 

4 Glatlcl, Zeitsch. anorg. Ghem., 1893, 4 , 186. 

6 Fcrrand, Ann. Chim. Phys., 1899, 17 , 388; Hull. Son. chim., 1895, 13 , 115. 

8 Ferrand, Compl. renji., 1890, 122 , 880. 

7 Deseamps, Compl. rend., 1878, 86 , 1(©2, 1005. 

8 Vigouroux, Compl. rend., P908, 147 , 420; Friedrich and Bennigson, Mclallurgie, 
1907, 4 , 209; Granger and Didier, Compl. fend., 1900, 130 , 914; Bull+Soc. chim., 19C0, 
23 , 500; Wohler, Ann. Chim. Phys., *1832, [li], 51 , 208. , 

9 Vigouroux, loc. cit. t 

9 10 Vigouroux, loc. cit Beutell, Centr. Min., 1910, p. 49. 

VOL. 12^ I 
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Stable Penta-nickel Diarstnide, Ni 4 As s ,‘ lias been described. 

Nickel Arsenite, 3Ni().As.0 3 . HI 2 (), is obtained as a green precipi¬ 
tate on addiliou of an alkali arsenite to a. solution of a nickel salt. 2 

Nickel Orthoarsenate Ni :l (AsO,,)^.sir^O, occurs in nature as the 
mineral Aiimibafilt'. found at Annabcrg in Saxony. It may be pre¬ 
pared by addition </ammonium arsenate to a nickel salt, the solution 
being kept neutral. If ammonia is present, in excess (lie molecules of 
water are partially replaced by ammonia, yielding hydrated n'nmioniates, 
which arc insoluble in water, but readily soluble in acids and in ammonia. 
The following nmmoniates have been distinguished 3 : 

Tsi„(As0 4 ), .Nil.;.? 1T..0, Ni.,(As0 4 ) 2 ,‘.'NH 3 .(ilI 2 0, and 
Ni,( Ast) j).,. :j N11 3 .5 M 2 (). 


NICKKL AND ANTIMONY 

Nickel Monantimonide or Nickel Antimonide, NiSb, may be pre¬ 
pared by direct eombinaliou of the elements 4 or by Ilealin«r nickel 
to 800 C. in the vapour of antimony trichloride. 6 II occurs ns reddish 
violet crystals, which are non-magnetie, and of density 7-70 at If ('. It. 
luses at. 1 itIO ('. and decomposes at Lt00 ,J C. ('hlorine and oxygen act, 
on it at red heat, and warm concentrated nitric or sulpimrie acid 
decomposes it. 

The freezing-point. curve of nickel and antimony indicates the 
existence oj several other antiniofeides, namely, Ni 3 Sb,, Ni>Sh, and 
possibly of NiiSby 6 Ni.,Sb may also exist. 7 

Nickel Antimonate, NiSb,0,..511,0, is obtained by precipitating 
nickel acetate with a solution of tmlhnouic acid." The precipitate is a 
green mass, which becomes darker on desiccation, but yielding a pale 
green jiowder. When dried over sulphuric acid it loses three molecules 
of water, yielding the (lilti/thalc, NiSb.0,.21I.O. Another molecule of 
water is expelled at about. 100° and the salt, becomes anhydrous at 
about BOO” C. . 

Nickel Thioarivimonite, NiySbjS,. is obtained by precipitation 
from a solution of a nickel sail with.a dilute solution of potassium thio- 
anlimouile.* It is readily oxidised, and a ways contains potassium if 
prepared from concentrated solutions. 

Nickel Vanadate, 3Xi0.V a 0 6 , is obtained by fusing a mixture ot 
vamulie acid, nickel bromide, and a large.exeess of sodium nromide, 
and washing the cooled product, with dilute nitric acid. 10 The crystals 
remaining arc hi the form of green prismatic needles. They do not 
melt at a bright red heal, and are insoluble in hot nitric acid. Fused 
potassium carbonate slowly attacks them. 

1 ^Friedrich and llcnnigsoti, he. oil. 

'• Peynoso, Compt. rend., 1850, 31, 68;’ Girard, ibid., 1852, 34, 918: 1853, 35, 793 
Keichard, Her., 1898, 31, 2195. < 

■P Ducru, Ann. Cliitn. Vbjs., 1901, 22, 100. 

4 Lus.sc w, Zcihck. aiionj. Chew., 1900. 49, 58. 

Vigouruux, Compt. rend., 1908, 147, 970. 

* Los.sew, loc. cil. 

7 Pushin, fins*. Plu/s. (-hem. Noe., 190/, 39, 528. 

s Sonderons, Bull. Soc. rhitn., 1 21 , 47. 

Poirot, Cnn'pi. rend.. IS99, 123, 104. 

10 A. Dillc, Compt. rend., |,883, 96, 1018. 
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NICKEL AND CAMION 

Nickel Carbide, Ni 3 C, b an cutlol licrmic compound, the molecu¬ 
lar heat of formal ion of which is :3t)l -f 10 Cals. I! results when 
metallic nickel and carbon arc healed togclher, 1 the optimum tempera¬ 
ture of formali.m being approximately CMOO and the maximum 
carbon content ti l’> per cent. At. lower temporalures dissociation 
takes place, which is fairly rapid at 10(10" ('.. but much slower at 000" ( . 
Hence in preparing I he carbide it is essential ko cool rapidly, although 
UjrTtt the quenched jiroduet contains but little of the euvbidi., Further¬ 
more (lie carbide cannot be separated from the dissociated ”raphilc 
owing lo the extreme toughness of the quenched product which refuses 
to be powdered. 

The nickel-carbon system appears to be similar lo that of iron and 
carbon, and an alloy containing t per cent. of carbon is so brittle that 
it can be broken by a hammer. Alloys containing larger quantities of 
carbon, on the other band, arc tough." 

Nickel Tetracarbonyl, NifCO).,, is obtained when carbon mon¬ 
oxide is passed over metallic rirkel 3 in a finely divided condition, such 
as is obtained by the reduction of nickel oxide in hydrogen at 100" F. 
the best temperature for obtaining the carbonyl being about .‘It: all lb 
The carbonyl is condensed in a. cooled vessel. The reaction n ly be 
advantageously candid out under a pressure of 2-100 atna spheres of 
carbon monoxide, in which case the temperature may be raised e • 
, lo 230’ (b wit bout fear of decomposition. 4 

Nickel carbonyl is a colourless liquid, boiling at CA and solidify¬ 
ing at • - 25" Cb* Its density is 1-:S1*.» at 17“ lb At 50lb its vapour 
density corresponds to the formula ,\:(C0) 4 when determined in Victor 
Meyer’s apparatus. 0 In an atmosphere of carbon monoxide its density 
is normal up to 100" lb, whilst in nitrogen its dissociation i ,: practically 
complete at 155" (Y 

Nickel carbonyl reacts slowly with concent rated .siiipburic acid, 
yielding cuioon monoxide, hydrogen, and nickel sulphate. 7 

Ni(t O)., -|- IIjSO, NiSO, -I- II . + ICO. 

Solutions of nickel carbonyl in carbon tetrachloride react wilii 
chlorine, bromine, or iodine in similar solution, yielding carbon monoxide 
and tile anhydrous halide.* Thu* : 

Ni(( •())., + CL NiCE -f ICO. 

Moist air decomposes the carbonyl * as does also carbon disulphide. 11 

1 IluiT amt W. Martin. MtUtUiwjir, tali’, 9, i II; *1,1111, lUr., Pi!:!. 45, ttPtllq Huff 
anti Deist en, Her., 11M‘5, 46, 4(H); R#f), l.onuaim, ami Koilig, il:<h. nnonj ('Inin., 1014, 
88 , 800 ; Rriner and Seuglet, •/. Chinu ]>hy*., 1015, 13 , 851. See also Fried ri-? and 
Leroux, MeUdlunjie., lUin, 7 , 10. 

2 Friedrich and Leroux, he. cil. 

3 Mr»nd, Danger, and (Quincke, Trim's. Client. Soe., J SIX), 57 , 740. • 

1 Dewar, D. R.—P. 140050; ( 'linn. Sue. Ab»lr., 1004, 86 , ii, 488. 

6 Dewar and Jones, L’roc. lion- Hoe., 1008, 71 , i'll. 

5 Mond, Danger, and Quincke, luc. cil* 

7 Dewar and Jones, Tmis .• Chan. Sov 1004, 85 , 11 08 . 

8 Lenlifr and Loos, Antcr. Chon.d., I WO, 22, 111; .Mend,<SW # Chi in. hid., 1802, 
II, 750; Berthelot, ('onipt. rend., lsjJl, 112,1848; 113, (170. 

# B Tins reaction has been fully studied by Dewar and Jones, Trams. Chon. Hoc., 1010, 
• 97 , 1220 . ' 



1$ COBALT, NICKEL, AND ELEMENTS OF PLATINUM Ukuur 

Whcii inhaled even in small quantities the vapour of nickel carbonyl 
is Very poisonous, 1 briny decomposed in the lungs lo carbon monoxide 
ami a nickel derivative- possibly the basic carbonalc. 

Nickel Carbonate, When solutions of nickel salts arc 

I rented with potassium or sodium carbonate, basic nickel carbonates 
arc precipitated, their compositions varying according In circumstances. 5 
The normal hcxahydralcd carbonate, Nil'0 3 ,lill 2 0.,is dblained when a 
solution of sodium hydrogen carbonate saturated with carbon dioxide 
is added to one of nickel nitrate and allowed to stand at a low tempera¬ 
ture. It separates in monoelinic crystals, which lose water on warming. 
The trihylrate, NiCO*.311*0. is also known. 3 The anhydrous salt 
results when nickel chloride solution is healed with calcium carbonate 
to 150 t'. It crystallises in pale green rhombohodra. Double car¬ 
bonates have been prepared. 3 

Nickel Monocyanide. Reduction of potassium nickelo-cyanidc, 
K,Ni{t'N)j, with potassium amalgam yields a red sail, K 2 Ni(CN) 3 , in 
which nickel appears to lie monovalent. I'pon acidifying, an orange- 
yellow precipitate of the monocyanide is obtained. Nil'N. It. readily 
oxidises to nickel cyanide, Xi(CX)*. 4 

Nickel Cyanide, Xi(UX) 2 . -When pmussinm cyanide is added to 
,a solution of a nickel salt, a green precipitate of nickel cyanide is 
'produced. This readily dissolves in excess of the reagent, yielding 
potassium nickelo-cyanidc, K.Xi(('X).,. Solutions of this salt, contain 
the complex ion Xi(CX),. so that the above formula is probably more 
e,.erect thaft 2K('N.Ni(CN)J* It ervstallises with one molecule of 
water. K 2 Xi(t'N) 4 .11,0. Density V875 at 11 and 1 S71. at 11-5 t’. fi 
It is readilv deeompi.ised by the addilion of sodium hypohromite. 
hydrated nickel poroxale being thrown down as a black precipitate 
(see p. 75). The corrc-pMiding Vobnlt salt is, in like circumstances, 
oxidised to the stable cobalti-eyanide which Remains in solution. This 
fact is made use of in separating nickel and cobalt in qualitative 
analysis. Xickfl does not yield stable salts corresponding to the 
ferro- and ferri-Cya hides. 

Tile tetrahydrale, Xi(t'X) 2 .Hl 2 0, separates after prolonged standing 
as steel-blue leallet. from a cold, aqueous solution of nickel sulphate,' 
potassium cyanide, and ammonia. 7 

On prolonged standing the ammmiiaeal solution of nickel cyanide 
deposits crystalline needles of the ammouiate, 2Xi(( ’>!),. 2N H*. 11*0. 
This, at 250“ C., is converted into the anhydrous cyanide. 8 

Nickel Thiocyanate, Ni(l'NS)*. has been olitained in the anhydrous 
eondiliim as a chocolate-coloured amorphous powder.® The hydrated 
salt, 2Xi(St'X),.3ll,0, obtained by dissolving nickel carbonate in thio- 
eyanie acid is a yellowish brown crystalline powder. 10 Double salts 

1 Armit, J. Hi/oiine, 1907, 7 , 525. 

2 Berlhier, Amu Chi in. Vlnjs., 1820, 13 , 01; Lciort, Cow id. rend., 1848, 27 , 
208. ' , 

a Nanly, A tin? Cliini, Vitya., 1912, [viii], 27 , 5; 1918, 28 , 77 ; Huso,,/. pruU^Chan., 
18.72, 55 , 222. 

4 I. IMlucci and Corelli, Alii II. A trad. Lined, 1913, [v], 22 , ii, 4S5. 

■’ Rossi, (lazzelto, 1917, 45 , |ij, 0. 

11 Clarke, Awtr. . Sci., 1877, 14 , 280. 

7 I\. A. Hofmann and HocMlett, Her., lt‘03, 36 , 1149. 

8 Bernuuilli and (brother, Chew, fccil., 4901, 25 , 480. 

* Gross man n, Her., 1904, 37 , 059. 

10 Rosenheim and Cohn, Zeilach. (inorg. Chew., 1901, 27 , 280. 
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with potassium, sodium, and ammonium lm\V boon nhfnincd, as Jjave 
id .n ammoina derivatives. 1 * 

Nickel Thiocarbonatc Hexammoniate, Nil'S,. II... is pr<‘|uir<*<l s 
by avidly warminy nickel hydroxide with ai|ucnus ;ii imi .>1 iin and carlion 
disulphide. Il eryslallises iiwmliy red, transparent needles, which arc 
lull slightly solulile in wider. On warming, curium disulphide is 
evolved. Upon cxnnsure In air hoth aninu ilia and carbon disulphide 
escape. 

NICKEL, SILICON, AND TIN 

• Di-nickel Silicide or Nickel Subsilicide, Ni,.S ; , is obtained by 
heating nickel ;md Id per cent, of silicon in a carbon er iciiile in an 
electric furnace. 11 Il is a stable. steel-grey substance, density T 'l at 
17° C. Fluorine at lacks it with incandescence at ordinary lempera- 
turcs, and chlorine al red lie,at. It dissolves readilv in hydrogen 
fluoride, less so in hydrogen chloride; aipia regia. decomposes it com- 
pic! cly. 

The l'rcc/in«-poii;l curve of nickel and silicon indicates the existence 
of several oilier suicides, namely, Ni..Si, Ni.,Si.„ NiSi, and Ni ,Si.. 1 A 
U'tfhiiicl.'ii xiliriilr. Ni ,Si. has beui isolated. 5 Density curves, 1 '’ however, 
apparently indicate the < \islcnce of tlitre silieides only, namely, \i.,Si. 
NiSi, and Ni.Si... 

Nickel Orthosilicate, NLSiO,. has been prepared 7 by pr--longed 
healing to redness of amorphous silica inliinalely mixed villi niek< 1 
oxide and chloride. If yields giv uish yellow crystals of u- nsil v I S’ 

An acid ‘ilieale, of eoinposil ion XiO. 5Si()„. 111,0. is described N as 
resulting by I he inleraelion of sodium silieale and a nickel sail in 
.,i|iicoiis solid ion. 

Nickel Fluosilicate,” NiSi I’,.Oil/), and Arsenosilicide,"’ NiSi As, 
have been described. 

Nickel Stannate," NiO.SnO .all/); Fluostannate/ XiSnF,..(!ll.,0; 
and Chlorosiannale,’ 2 XiSnt'l,,.(!1I S D are also known. 

NICKEL AND liOUON 

Several borides of nickel are known l.i science. 

Nickel Monoboride, Nil’, is hbiained as brilliant prisms of dei.-iu 
7-;!!). hy.liouling nickel and boron in an eleelrie furnace. 111 Il is decom¬ 
posed upon fusion wiln alkali. . 

liy healing mixlures of nickel and boron in a enrrenl of bvdro(%m 
at 1100-1200° (’.. du Jassonneix 11 lias prepared two ’sn ides oi iwekel, 

1 I’oliai t. J. Pin/nMil (■firm., li)lo, K), 51)7 : W i lls. 1 mrr. ('hem. ./.. l!)o2, 2 I• 

W’fildni, /jrit.n'h.'iuurij. Chan., 1000, 23 , 07:{; Mi !\hjij. Anmihn, !S12. 56 , 08 * 

2 Wk’ilf' anil K. A. linf'iiami, 7^ilxrlt . tun * *• /. i'lwm., IS'.IO, ii, 0751. 

3 Vii'ourmix, (\pi. rend., 189.7, 121 , 08*0; Ami. ('him. I'hyn.. ISi>7, [vii), 12 . J o »0 

1 (i«c;rtlf'r and Taniitjivnn, Zeifcch. tfjwj/. Chan., 10<K*. 49 ,1)0. 

5 Vienurmix, Com pi. rend., 11)015, r i\i, 1270. 

6 Frifloy, He cue MchtUur.jie, 1011, 8 , t.‘>7. 

7 Bouuroois, Com pi. rend., 1SS0, 108 , 1177. 

9 liausliofft,./. i-mli. Chon., ISM, 90 , 212. 

9 Maritime, Ann. Afinrs, 180!), 15 , 2t»2. 

%; 10 Winklrr, J. pr<d(. (7ir/t?..» 18151, 91 , 20.7. 

11 Dill-)*, Com pi. rend., IHSO. 96 , 701. , 

.j A 2 .Jiiryonson, Hull. A Ivd. IU nniurt. 1805, 5 , f>. 

’fc.M uissan, Comp!, rend., 1800. 122 , 421. 

97 , I 2 p u Jassonneix, Com pi, rend., 1007, icjjj, 210 ; Ann. ('him. I'hy*., 1900- [viiij, 17 , 170. 
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^namely, the Sub-boride,’Ni/J, and the Diboride. Nil?,. The former 
yields small, slender, yellow pcicnlar cryslnK of density tfo at 20° €. 
Tliese are slight l£ oxidisc'd by moist air, but are violently attacked by 
nitric acid. Ifidienlioiis have been obtained of the formation of a 
sesijiiihuride. Nijt,. 1 «. 

Nickel Borates. Several borates of nickel liavc been described. 
The ti’lmlumilr, NiO.+U/V toll/), is obtained 2 ljy slow evaporation 
of a solution of nickel carbonate in boric acid. The precipitate first 
formed becomes crystalline gradually, yielding small brilliant, and 
clear green crystals; soluble in cold water, birt, becoming turbid at 40° 0. 

On filing nickvk chloride or carbonate with molecular proportions 
of potassium hydrogen fluoride and boric oxide, green prisms of 
3 \'i(). I!,()., arc obtained. 3 They are not attacked by hot water, but 
dissolve in acids. 

A dilmrntr. Ni().2lfoO r (ill,,0, has also been obtained.* 

Chloro, 4 broino, 4 and iodo* borates are known. 

Nickel borate has been recommended as a catalyst, in tlie hydrogena- 
iort of unsaturaled oils (see p. 95), but its action is attributable to 
liekel liberated by tile hydrogen, 6 and not to any inherent catalytic 
power of t he borate itself. 7 It offers ito ifdvanlage over nickel oxide. 8 


DETECTION AND ESTIMATION OF NICKEL 

Detection. —Dry Te.dti. Nickel salts are usually green in colour 
Wl.en hydrated, but yellow when anhydrous. They imparl a reddish 
brown eoloifr to the borax bead when heated in the oxidising llamc of* 
the blowpipe, but dark and opaque in the reducing flame. 

Hi/ Test*. For the detection of minute quantities in an alio)*, 
Forlini recommends the applicatiVm of a drop of the following solution 
upon the slightly oxidised surface of the metal, namely ; 

* , 0-5 gram dimethyl glyoximc. 

5-0 e.e. 9S per cent, alcohol. 

5 0 e.e. cone, ammonium hydroxide. , 


Traces of nickel,oxide yield red specks in a few seconds, before any" 
copper which may be present has bad time to mask the reaction by 
yielding a blue colour.* 

In qualitative analysis by wet methods nickel is precipitated from 
its solution as black, hydrated oxide, ak explained under Cobalt 
(see p. 75). 

Estimation.— Gravimetric Methods .—A convenient method consists 
in decomposing a solution of nickel salt with sodium Iiypobroinitc as 
explained on p. US, and either reducing the oxide in a current of 
hydrogen and weighing as metallic nickel, or by ignition in air, and 


1 (liebellinusen, Zcilsrh. anorg. Cham., 1915, 91 , 251. 

* Ditto, Jnw. (Mm. /%*.. 1883, 30 , 248. .Sec also Ruse, Fogg. Annakn^lHM, 88 , 
299. 

a Ouvrard, Cornel, rand., 1900, 130 , 335. 

4 Rousseau and Allaire, Cotnji. rend., 1894, 118 , 1255; 1894, 119 , 71. 

5 Allaire, ibid., 1898, 127 , 555. 

1 Normann,./. Soc. Chon, lnd., 1915, 34 , 722; from Seffenniederzrit, 1915, 42 , 46. 

7 Krdnmnn and Rack, ibid., 1915, 34 , 722* from St iJcnmtUrztH, 1915, 42 , 3. 

1 Contrast Schonfold, Zeitsrh, tuigctv. Chan., 1914, 27 , 601. 

» Fortini, Chem. Zeit., 1912, 36 , 1461. Compare Biaiwhi and Di Nola, Bull. Chm±\ 
Pham., 1910, 40 , 517. 



' weighing as the monoxide, NiO. Nickel ma^ afeo be precipitated 
its ammonigeal or acetic acid solution by ifddition of an alcoholic solution* 
of.x-dimrthyl glvoxime. The voluminous scarlet precipitate is filtered 
through a Gooch crucible packed with asbestos am" dried at 110° to 
120 3 (.'. The nickel is eithc? weighed as l' s H, |N,,0,Nn which eontainfi 
20-33 per cent, of metal, 1 iff ignited and wcighi-d as oxide. J I'.ven 
more sensitive # is a-diphenyl glyoximc (a-bcu/.il dioxime), which gives 
with nickel compounds a bulky red precipitate, insoluble in water, 
aleobol, acetone, ammonia, and 10 per cent, acetic acid. It becomes 
reddish yellow on boiling, One part of nickel per 5,000,000 of water 
may be detected by this reagent. 3 The estimation of nickel is eoBi'ueled 
Tn a precisely similar manner to that, with the dimethyl •imia-ative, the 
precipitate being dried at t,10° to 112° and containing lti-93 per cent, 
of nickel. The formula of tile precipitate is (' 2H II a ,N. ) 0 1 Ni. 

Volumetric Mcihods. - Nickel may be conveniently estimated yolu- 
metrieally in the absence of cobalt, copper, silver, gold, and the platinum 
metals bv means of potassium cyanide. 4 The solution containing the 
nickel is, if acid, neutralised with ammonia and some ammonium sul¬ 
phate is added to render the indicator more sensitive. A little ammonia 
is now added, and a few drops of potassium iodide and silver nitrate. 
Tie- solution becomes turbid'in consequence of the precipitation of 
silver iodide. The liquid is now titrated with potassium eyankj^ 
solution until the turbidity just disappears. The reaction i,insists in 
converting the nickel salt into the double cyanide, Ni(('N) 2 ?*iK(-N,. 
after which any excess of potas^um cyanide attacks the silver iodide, 
yielding the soluble double cyanide, AgCN.KCN. The fl»sappeur«fl1fH5 
of tb<' turbidity therefore indicates the complete com’ rsion of the 
nickel salt/' A slight correction is necessary f^r the silver introduced. 

Eltrlmhjfic Methods have been employed. 6 

1 For details of analysing an ore containing cobalt and nickel s»*o p. 75. 

a It muck, Zeitfifh. umjtw. Client., 1914, 27 , .‘515; 1907, 20 , 83-1, 1845 ; Rhead, Anuty*t, 
1910, 35 , 97. • 

- 1 Alack, Chem. Xeit., 1913. 37 , 773. , 

4 Sec T. Moore, Chem. Xem, 1889, 59 , 100,292 : 1895, 72 ,92; Campbell ami Andrews, 
J. Amur, (.'fibn. Soe., 1895, 17 , 125. For the eatiination of nickel in presence of iron by 
this process see Brearley, Chem. News, J890, 74 , 10; Sargeant, ./. /Inter, ('hem. Soe., 
1899, 21 , 851: 0. M. Johnson, thul., 1907, 29 , 1^01 ; Doughfliy, Chan. Mr in, 1907, 95 , 
201 ; Campbell and Arthur, J. A met. {'hem. Hoc., 1908, 3 c, 1110; Jamieson, ibid., 1910, 
32 ,-tf 7. 

5 F#r other volumetric methods sen Jamieson, J. Amer. Chem. tine., 1910, 32 , 757.; 
Ward, Amir. J. A ki., 1912, 3 * 334. , 

• Soe Mellor, A Treatise on Quantitative Inorganic Anahjsis (Chas. Oritlin and Co., 
1913); .Marsh, J. Physical Chem., 1914, 18 , 7( ” 



CHAPTER IT 

RUTrfENIUM AND ITS COMPOUNDS 

RUTHENIUM 

Symbol, Ru. Atomic weight, 101-7 (O — If! 

Occurrence ftnd History. The name ruthenium is due to Osann , 1 who 
obtained what he believed to be the oxide of a new natal from the 
Ural platinum ores. This oxide was subsequently investigated by 
Claus , 2 who found that, although it contained a high proportion of the 
oxides of silicon, 'zirconium, titanium, and iron, if nevertheless possessed 
a small quantity of a new oxide for which he retained the name used 
by Osann. 

Ruthenium occurs alloyed with platinum ores and osmiridium. as 
indicated in the tables of analyses (pp. " 20 ,S, 2 a,S). Combined with 
sulphur if is found as the rare mineral Imirite. EiaS ,, 3 which occurs in 
platinum washings in Romeo and Oregon. That ruthenium is present 
in celestial bodies is evidenced bv the fact that it was detected in the 
Perryville sideritc discovered in f 000 fsee this volume, Part IJ). 

• 'Preparation. Ruthenium may be conveniently prepared from 
osmiridium, which is an alloy of osmium and iridium containing small 
proportions of rhodium and ruthenium, the last, named amounting in 
some eases to (i per cenr. (see analyses, p. 20 S). 

The alloy 4 is heated to a*white Went with four or five times its weight 
of zinc in a carbon crucible until the vapour of zinc ceases to be evolved. 
The friable lyass left is crushed and heated with a mixture of barium 
dioxide and nitrate to about 000 t .’ C. in an earthenware crucible. On 
cooling, the powdered mass is treated with dilute hydrochloric acid, 
care being taken to keep the temperature down by immersion of the 
containing vessel in'cold water. A'fume-eupooard with a powerful 
draught is desirable in view of the presence of poisonous osmie tetroxide 
in the evolved vapours. 

When the reaction has subsided, nitrie ( and, sulphuric acicls arc 
added, whereby barium sulphate is precipitated. The clear solution is 
decanted and distilled until one-quarter of its volume has been collected 
ns distillate. This latter liquor is rich in osmium, and may be worked 
for that metal (see p. 208)f. The residue is evaporated to’ small bulk. 
Ammonium chloride and a small quantity of nitric acid arc added, and 
the ipixture evaporated to dryness oh the water-bath. A violet-black 
crystalline solid is obtained which is washed with water half saturated 
with ammonium chloride until the filtrate is colourless. The insoluble 
residue consists of fairly pure ammonium chlor-iridnte containing 
ruthenium, from which the spongy metals are obtained by ignition. 

1 Oannn, Pogg. Annalen, IS28, 14 , 320! 1845, 64 , 107. » 

* Claus. Annalen. 1845,56,257; 1840, 59 , 234; I’mjg. Annalen, 1845, 64 , 102rtfs,200. 

5 Wohler, Annale 1 , 1800, 139 , 116. 

* IVvillnaitd IVlimy, Ann.Chim. Phyi., 1859, 56 , 3S5; 1801, 61 , 5; Com nt. rend.. 
1837, 44 , 1101; 1870, 83 , 926. 
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It now remains to separate out the ruthenium. This is accomplished 
h^- fusing with potassium hydroxide and nitrate, best in a silver cruPiblc* 
irtd subsequently dissolving in water. •The Milulmp obtained has an 
orange-yellow colour in eqpsequenee of the presence of potassium 
ruthenate. This colour is removed bv lift' addi.ion of nitric acid, 
ruthenium oxide separating Tint. Ignition in a graphite crucible with 
a little chalk yields the free ruthenium, the ehalk'eombining with any 
silicon, chromium,'and osmium that may have been present. 

Kurt her purili. ation may be effected by one or more additional 
fusions of the metal with potassium hydroxide and nitrate. 

As obtained in this way the metal is not pun ., InP ontairM small 
quantities of alloyed elements such as osmium and indium. 

('Iicmifiillii Purr Huthefninu may be obtained 1 from the foregoing 
by maintaining it. in the form of a line powder, at a dull red heal in a 
current of oxygen for about three hours, whereby the osmium content 
is quantitatively oxidised to the volatile telroxide. Ox<).,. which is 
driven off. The ruthenium also undergoes partial oxidation, and is 
now reduced in a current of pure hydrogen. It is then fused, preferably 
in a silver vessel, with excess of potassium hydroxide and nitrate, 
cooled, and extracted wil.h jvntcr. The orange-eolotin d solution, 
containing potassium ruthenate, is gently distilled in a current of 
chlorine whereby volatile ruthenium telroxide is produced, and i-v 
absorbed in aqueous potassium hydroxide. Since all the osmium has 
been removed, the distillate of ruthenium telroxide is exci dingle pure 
for the residue contains no other metal yielding a voi^'ilc pi «• *m«i 
under these conditions. Upon addition of absolute ,’leohol to the 
potash solution 2 a black precipitate is obtained containing ruthenium 
ju a more or less completely' reduced condition^ reduction being finally 
completed by ignition in a current oj' pun- hyhogen. 

Cri/fiti/IHiir liulhniiuni may' lie itbtaims* by fusing the metal with 
excess of tin in a carbon crucible, whereby Hie compound. HuSn.,, is 
formed. Treatment with 1 oiling hydrochloric acid repinvV-, the excess 
of till, and the imutlucked residue nlHtiiSn., is ignited in a current, of 
hydrogen uhloridc. The eomtiiiud tin is thereby removed as a volatile 
chloride, leaving behimj crystalline ruthenium . 2 Cubic and fernlike 
crystals are obtained by ignition of thu»iiucly divided metal at a high 
I mineral lire with borax and pyrites . 1 • 

Pnjsical Properties. In the compact, form ruthenium is a hard, 
brittle metal, resemlJingeplatinym in appearance and luxlre. When 
powdered it has a dull grey colour. [Is density varies greatly accord¬ 
ing to its physical condition, as is usually the case. A ft 05 fusion, 
the value 12-(H>3 has been obtained . 0 l.ijo- palladium, riilheuimii 
readily occludes gases, and when used a<# cathode in the electrolysis 
of acidulated water it absorbs tlje hydrogen, retaining it for a long 
time . 0 

1 Gutbier amt Trcnkncr, Zeitsch. anonj. ('him., 19(15, 45 , 1 fin. 

3 It ts important to onsuro complete solution of tin* rulhcnimn telroxide. nlliersisc 
the addition of alcohol causes reactions to take place with explosive violence (Howe, 
,/. Amir. Chem. Snr... 1001 . 23, 775 ; Gutbier and Tionkncr, for. til.). 

3 Devillo and Dehra^, Ann. Chim. l'hy.i., 1 X 59 , 56, I lit. 

• Devilli' arid Debray, Comfit, rend., 1S78, 89 , 500. 

5 Joljt* Compl. rend., 1803, n 6 , 430. pther values are H-fl for the porous metal (Claus, 
Annnlen, 1845, 56 , 257); 12002 for tho metal obtained by mlui4ii.li of the dioxide 
(Vioile). * 

• C’ailletet and Collardeau, Compl. rend., 1894, ug, 830. 



* The specific heat of fljc powde red metal between 0° and 100° C.*is 
XUfll, and <10595 for the eojnpaet metal. 1 

Ituthcnii.n^v be fused «in the oxvhydrogen (lame a .and distilled 

ii Hu- clccl rie funiaee,* so that its mclline- and boiling-points maybe 
ulo'ii as of I hr order of ItOO” and 2520° (.'. respectively. 

The most intense lines in the spcetrum*of ruthenium are as follow 4 : 


Are: 3117-50, 3428-50, 343(5-87, 8199-09, • 3f>*)3-18, 3590-31, 
4080-78. • 

Spark: 2402-80, 2078-80, 2092-18, 2712-40, 2734-H, 2915-79, 
2903-70, 2970-70, 3001-58, 3700-71, 8700-02, 3799-18, 4080-82, 
1-41(0-09, I'.W-OO, 1372-10, 1551-74. 


Finely divided ruthenium acts as a catatyser, inducing, for example, 
the oxidation of uleohol to aldehyde and acetic acid in the presence 
of air. • 

Colloidal Ruthenium. Ruthenium may be obtained in the colloidal 
condition by reduction of its salts in aqueous solution by hydrazine 
hydrate in the presence of gum acacia. 5 Other reducing agents may 
be employed for the same pin-]rose, such as acrolein. 6 

Ruthenium Sponge results on ignition iA 'ammonium chlor-ruthcnntc. 

It, readily dissolves in a solution of hydrogen chloride saturated with 
•chlorine yielding halogen derivatives. Ilydrobromie acid saturated 
with bromine likewise effects the solution of ruthenium sponge. 

Explosive Ruthenium is obtained by dissolving an alloy of the 
rm-lal with excess of zinc in hydrochloric acid. The zinc passes into 
solution, leaying metallic ruthenium as a finely divided, explosive 
residue. Unlike rhodium and iridium, ruthenium is explosive even 
when prepared in the (fatire absence of air. It: seems hardly possible,* 
therefore, that the same explanation for the cxplosivily can apply as 
for the first two metals (see pp. 150, 239). Perhaps Runsen’s original 
explanation is the correct- one, namely, that an unstable modification 
or allot rope'is first formed, and that this is converted into the stable 
variety with considerable heat evolution. 7 

Chemical Properties. When heated in air ruthenimh becomes 
covered with a brown lilm of oxide and, on cooling, “ spits ” in a similar^ 
manner to iridium and silver.- Healed in oxygen, particularly when 
,in ii dine state of division, it yields tluV dioxide, ltu() 2 , and at 009“ C. 
some tclroxidc, Ru() 4 , begins to be formed. Previous ignition in 
hydrogen to a high temperature reduces til* velocity of oxidation of 
ruthenium. Mineral acids have no action upon ruthenium, and aqua 
regia only slowly dissolves it. 

When heated in lluorine a volatile Huoride is formed, and in chlorine 
a chloride is obtained, possibly the diehloride, Ru('l 2 . Ignition with 
potassium chloride in a current, of chlorine yields potassium chlor- 
ruthe'm.tc, which is soluble in water. 


* Hunaon, 1‘ogi). Annalen, 1870, 141 , t. 

» Mylius and Dietz. Her., 1898. 31 , 3187. 

* Muiatan, Uompt. rend., 1000, 142, ISO; Joly, ibid., 1893, u6, 430. 

4 Kxncr and Haaohek, Die Speklren dcr Rlrmenle bei normaiem Drurl (Leipzig and 
Wien, 1911). . 

1 Uutbior and Hofmeicr, J. prakt. Chem., 1905, 71 , 452. 

* Castnm, Zeilech, anorej. Chem., 1904. 41, 131. . 

7 K. Cohen and Strengera, Xouch. phipiknl. Chem., 1908, 6 t, 098; Bunsen, Annalen, 
1868, 146 , 265. 



Alkali hypochlorites effect the solution»of ruthenium when fused 
hut the btst. mixture to employ consists of potassium hydroxirffe aift.1 
nit rate, a gfeen mass of potassium rutfiennte. being formed, 

Tliis dissolves in water to «n orange-coloured soluti« ii, which leaves a 
black stain upon the skin. , * 

Fusion with potassium hydrogen sulphate is without effect upon 
ruthenium, aUluijigh in like cireumstaiujps riutllium, palladium, and 
iridium uve attacked.' 

Atomic Weight -Aj>pro.riiiintc Atomic Weight.- That the atomic 
weight of ruthenium is approximately 100 and not a multiple or sub* 
• multiple of this amount is evident from various eoiisidcrations.'immely : 

(1) Its specific heat, is 0-0011. Assuming a mean .-ijoinie heat of 
04, the atomic weight of ruthenium, according to Dulong and Petit’s 
Law, is approximately 105. 

(2) The most, appropriate position for ruthenium in the Periodic 
Table is as the first member of the second series of horizontal triads, 
lienee its atomic weight should lie between that of molybdenum (00) 
and rhodium (102-0). but nearer in point of magnil ude to I be last named 
since an element should be in (iron]) VII between it and molybdenum, 
but. lias yet to be discovered.# 

(8) The alkali elilor-rutlienatos are isomorphous with the ehlor- 
platinatcs, and therefore, bv the application of MitseberlieliV Law, Hu y 
must be assumed to contain, like the platinum derivatives, me atom 
of ruthenium, their gt ncrie formula being Mdlu('l 0 . Similarly, ruther 
iuiu dioxide is isomorphous witii'cassihrile, Sn() 2 , and w i) h rut ik . Tjp,; 
from which it may he <-onelu(led tliat its formula is KuOj. Analyses of 
these compounds indicate that Hie atomic weight of ruthenium is 101-7, 

lirnel Atomic Wcipht. For many years live accepted value for the 
atomic weight of ruthenium was Witt, a ((gm-c derived from the work 
of Claus. 1 This chemist decomposed potassium ehlor-vuthenitc, 
KjltuClj, by heating it. in a str ain of hydrogen, noted the loss in 
weight, and separated and determined the amounts of ndhenium and, 
potassium chloride in the residue. From his values for the percentages 
of rutheirtiini, potassium chloride, and chlorine expelled, the correspond¬ 
ing atomic weights (Induced foi* ruthenium are, 108-2, 107-4, and 07-1 
respectively. These results are obvimtsiy of no present, value. 

4m 1889, Joly * determined flu- percentage of ruthenium in throe pure 
ruthenium compounds, viz. (i) ruthenium dioxide, I{uO„, (ii) ruthenium 
nitrosoeliloride, Hu(XO^CI,.ll/), and (iii) ammoniuni nilrosoehlor* 
ruthenate, (NI1.,) 2 Uii(XO)C 1 s . In each ease reduction to the metal 
was brought about by heating the compound in a ft ream of hydrogen. 
The mean results were as follow 9 : 

4 oxpta. Ru : RuU,:: 70000 : 100-000 1 whence ttu ~ IOt-668 

2 oxpta. Ru : Ru(N0K’l|. 11,0 : t 30-720 : 100-000 „ Ku -■ MX# 

2 oxpta. Ru : 4Nll < ) 1 Ru(.\OjCl 1 :: 20-430 : 100-000. It*, =-l01-(,tS 

la 1912, Vogt * analysed fut.hcnium dioxide by reducing it to thd; 
metal in a stream of hydrogen, obtaining as a mean o? six experiments, 
the following result 3 : 

* Ru : RuO, :: 70-053 : 100-000 whence llu 101-63, 
» - • 

1 CHUis, J. pral-t. Chem., 1845, [i].34, 435 ; Bull. Arad. Set. Pelrograd, 1845,3, 354. 

« Joly, Compt. rend., 18H9,108, 040 ; 1888. 107, 09*. 

* The antecedent data are as follow: 0~-10-000, N'~- 14-008,Cl *=35-457,11 - I 007<J2.; 

* Vogt, Sitz. p/ty*. mtd. Soz. Ertanyt”, 1912, 43 , 208. 
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^ The International Committee for 1021 on Atomic Weights neeepts 
r l„. f a 1 1 K* Ru 101'7. Further determinations of this constant ace 

■learlv desirable. q. * * 

Alloys. Itii^hcniiirn forms a beautiful crystalline alloy with tin, 1 
vliieli is cubic in sirncluri* 11 is readily formed by healing to redness 
n a carbon crucible one part of ruthenium with 10 15 parts of tin. 
)a cooling, the evil s', of tii^ is dissolved out by treatment with hydro- 
hlorie acid, (lie residue Inning the composition represented by the 
..iriuula ISiiSiIt 

■ An all oy wilb zinc was also prepared hylVville and Debray, which 
yielded' hexagonal prisms, and was combustible in air with feeblik 
dellagral iofi. 11 s composition was not determined. Ruthenium dis¬ 
solves in lead, bill yields no compound wiMi it. On treatment with 
acid the lead dissolves, leaving the ruthenium as a crystalline residue.* 


1UIT! I KM DM AND TI1K UAf.OOKNS 

Ruthenium combines with all four of the halogen elements. 

Ruthenium Fluoride, RuK., results as a volatile substance when the 
linelv divided metal is heated to rcdncAs ifi Ihiorine. It occurs under 
tin •se conditions as a dense, coloured vapour.* 

' Ruthenium Dichloride, Rul'L, was staled l>v Claus' 1 , to result when 
chloriny is passed over healed ruthenium. Repetition of the experiment 
by (Jill bier and Trcnkncr in I!i05 led to no definite result, varving 
augnmts of chlorine being absorbed. Hut always considerably less than 
theory reipliras for the diebloride. The experiments were by no means 
exhaustive, and do not justify the assumption that the diebloride 
cannot be prepared in this way. As (luthier points out, it is quite* 
possible that a reversible function «takcs place between the ruthenium 
and chlorine, thus : 

Ru | Cl., siRuClj. 

In view of the catalytic aclbily of the metals discussed in this 
volume the subject is worthy of more careful investigation. * 

Some forty years before the discovery of ruthenium by Claus, it«= 
had been observed hi* Vaiupielin that an azure blue colour is obtained 
by thy action of zinc on certain solutions. This was attributed ti^ the 
presence of osmium, but is now known to be a characteristic reaction 
for trivalent ruthenium. A similar colour is nhtained by the action of 
hydrogen sulphide upon ruthenium trichloride, and was attributed by 
Claus and July 11 tq reduction to the diebloride. This view is supported 
by Howe , 7 who, however, has not succeeded in isolating the salt, hut 
has obtained a derivative to which be gives the formula : 

3CsCl. 2 RuC!jj. 211./). 

This sail is readily formed by the reduction of ruthenium trichloride 
in aji electrolytic cell, and immediately adding a concentrated solution 

1 Orville mat Debrny. Ann. Chim. I’hiin., IS59, 56 , 38a. 

1 IMiray, Compt. rend., 1887, 104, 1471), 1.777. tli(i7. • 

a Moissmi, Ann. Chim. l’hi/n., 18!)), 24', 34!). 

* /’Inns, Annalm. IS4.7, 56, 3.77; 1S4I1. 59, 234; 1847. 63, 3f>9. 

(.'lit birr lyiil Trciiknor, Zeilsch. tinorlj. I'h/m., 1905, 45, 1 Mi, 

• July, Com/'/, raul.. HJ92. 114 , 2!)l. 

' llowo, J. Amcr. Chan. Si r., 1001. 23, 775. 
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of eiesium chloride to the blue liquid. A /me precipitate results, varying 
ill colour fAm\ a dark greenish blue to olive green, and which oxidises 
vith great ritpiditv. rendering analysis (fillicult. 

Ruthenium Trichloride,«Ru('l ,, is conveniently prefix'd by wanning t 
the telroxide with conceal r^ted hydrochloito acid on the water-lmth. 

Chlorine is vigorously evolved, the reaction ]ir''‘.(ling according to 

the equation : 

•-’RuO,-j-lOllt'l 2lluC'l 3 ! 5(1, -1 811*0. 

The reaction, if slow to begin, may be started by the addition of a 
few drops of alcohol. (luthier prepared the sail by treating the t^t "oxide, 
V.uO,, with 20 per cent, hydrogen chloride solnt»>fi and allowing it to 
stand under reduced pressure for two lumrs. Tile solnl ion i mis obtained 
was freed from chlorine and unaltered oxide and concentrated to a 
syrup by passage of air over the warmed liquid. Exposure over concen¬ 
trated sulphuric acid in a vacuum desiccator left the crystalline salt 
as a black mass. 1 The trichloride is also formed by dissolving the 
I cl mxidc in chlorine wafer. On evaporation a lustrous, somewhat 
hygroscopic mass t >f trichloride remains behind which is readily soluble 
in water and in alcohol, # vi> Iding an orange-yellow solution. The 
aqueous solution is wry sensitive to rise in temperature, and decom¬ 
poses even at .10 ('. into a black hydrated oxide or oxychloride and 
free hydrochloric acid. The colour of the precipitate is so intense that 
one part of the metal distinctly darkens 100.000 parts of water.* 

Ruthenium trichloride beginsjo he reduced by hydvoge.i -at 100 IV, 
it readily absorbs dry ammonia gas. 3 yielding a black-'fi del addition 
compound. 21111(1.,."NIL. which dissolves in water to* a bright red 
.solution. Ileal is set free during the absorption of ammonia, but if 
the temperature is maintained at 0 C. the reunion is complete. 

Chlor-ruthcniti s or Rutlu-nochlurUks, M JluCI • 

Double salts of ruthenium trichloride and the. eh: rides of the 
alkali metals have been prepared and are known as clihir-riillmiilea 
or ru'hcnillhltirkh's. their general formula being Ru(‘l.,.2MCl or M„Rul l 6 . 
=u *Tho first o^ these to be.diseovere*l was : ( 

Potassium Chlor-ruthenite, K 2 RuUI 6 . This salt may be prepared 
by-Uie reduction of rutlicniiifti nilrosotrihydroxide. Ru(N())(()IJ).,, in 
alkaline solution by boiling with fonnaldehvde, dissolving in hydro¬ 
chloric acid, and separating out the salt by addition of potassium 
chloride. 4 Obtained in this way tile crystals are brown in colour. 

The salt may be prepared in an impure form by dissolving rptjienimn 
in fused potassium hydroxide, adding small quantities of potassium 
nitrate the while, until all the ruthenium has passed into solution. On 
cooling the green ni^ss becomes.orange, and treatment, with concen¬ 
trated hydrochloric leaves a residue of potassium chlor-ruthcnitf , s 
A convenient method of preparing a (airly pure specimen of potas¬ 
sium chlor-ruthenite consists in adding freshly disjilled rutheuinn 
tetroxide to concentrated hydrochloric acid and digesting on the water- 
bath until evolutitm of chlorine,ceases. This requires about two days. 

> (julbirt. Zdtocfi. aniftir. I 'ht hi., I90U, 22 , 1S7. 

* V. C. l'liillii*, Awr. Chiu.. ./., I HIM, 16 , 2o&. 

* July, Oomiitrrcnd., 1S!)2, 115 , 129. • 

* Bn/.,ml, Ann. Chiin. I’h-/... 190(1, 21 , 312. 

* Antony anti Lutcjrsi, (Jnz-rft'i, 1*99, 29 , ii, 82. 
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To the resulting strongly acid solution of ruthenium trichloride, potas- 
A'litn'clilniidc is added in small quantities at a time, wherelfy a precis- 
tale of crystals of potassiiimVhlor-ruthenitc is obtained. These are 
washed free I'npii acid with alcohol, uud dried bv exposure over 
concent mled sulphuric aeifi. 1 k 

Potassium ehlor-ruthenitc rapidly hydrolyses in aqueous solution, 
the liquid, originally*red, gradually becoming black. The velocity of 
the hydrolysis admits of determination by electric conductivity measure¬ 
ments in consequence of flic hydrochloric acid set free. 2 

Thc equilibrium of the hydrolysed solution'is not altered by dilution, 
by addition of aei<],^or by change of temperature. It thus appear* 
that, the reaction is’irreversible, and that the final state does not 
represent a true equilibrium. ' 

The reaction appears to take place according to the equation : 
K.UuCl, -f- 2II 2 0 - 2 KCI -b 2HC1 + ltu(OII) 2 CI. 

Addition of alkali hydroxide to the hydrolysed solution yields an 
tntncdiale precipitate of hydrated ruthenium sesquioxidc, Uu._,0. ( .3l l./). 3 

Of partieuhir interest is Caesium Chlor-ruthenite, ('sJiut'lj.IKO, 
which IFowe 1 obtained by the .aetiou ot hydrochloric acid on ruthenium 
tel reside and subsequent addition of eiVsium chloride to the solution. 
The salt is precipitated as a dark brown powder, fairly soluble in water 
and hydrochloric acid, exhibiting the chemical reactions of a trivalent 
ruthenium salt. Howe also describes an isomcride of this salt, which 
he termed, in accordance with Weriuq's nomenclature, Cesium Aquo- 
cMor-ruthentite (viilr infra). 

Rubidium* Chlor>ruthenite is also known. 4 

Ruthenium Tetrachloride, RuCI„ probably exists in solution when 
the hydrated dioxide, obtained b>*the action of caustic alkali on the 
sulphate, is dissolved in hydrochloric acid. It yields a yellow solution 
from which the tetrachloride cannot be isolated in a pure condition, 5 
although double suits with the alkali metals have been obtained. These 
are known as: 

Chlor-ruthenates or Uuthc/ikMorides, M.ltuCI. 

* * “ * 

Potassium Chlor-ruthenate, Iv.ltuCI,., may be prepared by adding 
hydrochloric acid to potassium riitheiifitc. 8 The method adopt cehhy 
Antony and laicehesi 7 consists in heating ruthenium with six tiroes its 
weight of fused potassium hydroxide in a*silver dish. Potassium 
chlorate is added little by little, and the whole stirred until all the 
ruthenium has dissolved. The heating is continued until evolution of 
gas ceases, indicating complete decom|x>sition of the chlorate. On 
cooling, the orange-red-eoloftrcd melt, is dissolved in cold water, and 
dilute hydrochloric acid added untibthc whole is slightly acid. Con¬ 
centration is effected over quicklime until the salt* crystallises out in 
reddish brown crystals. Potassium vhlor-ruthcnate may ul*o be 
, ^Liml and Bliss* J. Amer. Clttm. Soc.. 1009, 31 , 888 . 

1 l,ind, J. ^tmer. Chan. Sor., 1903, 25 , 938. 

5 Und and Bliss, loc. cit. 

* Ho«o,./. Amir. Chan. Soc., 1901, 23 , 7:5.* 

4 llmvr, thirl., 1904, 26 , 513; sco also Miolati and Tagiuri, Gaz-ella, 1900, 30, [iil, 
611 . , * . ' 

* Antony, Ga:nlla, 1S99, 29 , J. 

7 Antony and Luociieai, Oa;;clfei, 1890, 29 , [«i], 82. 



obtained bv the action of chlorine 1 gn » concentrated, acidulated" 
solution of potassium oquo-chlor-ru!lienatc, K 2 ltu(OII 2 )t'l 5 . It.*tliortV 
crystallises in minute black octahedra possessed of>a grctnish sheen, 
and which are easily solubli^in and rapidly ^lecoinposqj! by water. In 
hydrochloric acid a pure vollow colour is obtained if the solution is 
dilute, the concentrated solution being deep yellowish red. 

Ammonium, rubidium, and at si inn clilif-rulluitalrs have also been 
prepared. 3 ' 

Potassium Aquo-chlor-ruthenate, K 2 ltu(()ll 2 )t'l ; ,. results 1 on boil 
ing a slightly acidified smution of potassium chlor-rutlu nile, K,ltnl !-,* 
Vith alcohol; as also by heating the hydrated sesipiioxidc +tii hydro- 
ehlorie acid and alcohol. . 

Upon evaporation the salt crystallises in orlhorhomliie octahedra, 
which are soluble in water. The solution yields with alkalies a dirty 
white precipitate which soon becomes black, thereby differing from 
solutions of the trichloride, which give an immediate black precipitate 
under such conditions. 

Potassium Nitroso-chlor-ruthenate, K.Uu(M))(-l s , is known (see 

I 1 ' 

Caesium Aquo-chlor-rufiieoate,('sd{ ii(OII 2 )t l i . is an interesting salt 
inasmucli as it is isomeric with the- first chlor-ruthcnite to lie discovered, 
namely. Cs,H nil 4 . I Id) (vitle .'.upr/i). It is ohtained 3 as a huff precipitate 
on adding alcohol to I lie blue filtrate from electrically reduced solutions 
of ruthenium trichloride and casiuni chloride. On crystallisation, losc- 
polourcd prisms arc obtained. 1'hcse are soluble in water, and may 
be rccrystalliscd unchanged from aqueous hydrochloric avid. 

’ Oxychlorides. When ruthenium tetroxidi is covered with water,; 
to which ea siiim chloride acidulated with, hydrochloric acid is subse¬ 
quent ly added, ni siitm <>,njclilt>r-ruthcn<il< ° ('s 2 -Cu() a (’l 4 or 'JCsCl. lluOCL, 
is formed. On crystallisation dark jmrpli isometric octahedra, cubes, 
and rhombic dodccabedra separate out. These are so.tihlc in cold 
hydrochloric acid, from which they may be rccrystalliscd unchanged. 

The reaction may be represented as follows : 

Rtt0 4 + UIC1 -| 2CsCl L Cs 2 Hu0 2 CI 4 +-211,0 -f Cl,. 

■A characteristic reaction furthest- crystals is their hchaviour towards 
wafer,•which instantly decomposes them, the water becoming black. 

On boiling with 'consentrat«d hydrochloric acid chlorine is disen¬ 
gaged, ciesium ehlor-rutheiiate remaining behind. 'I'hus : 

Cs,KuO/ 1 4 j -lllC’l - Cs s UuCI 4 | - 211,0 | CL. • , 

Ruthenium Tribromide, Uullr 3 , is most readily obtained by evapora¬ 
tion of an aqueous solutiofi of flie telroxide with eoiieentruted hydro- 
bromic acid 1 : 

2Uu 0 4 + lCllBr,-- 2RuI$r ; , + flBr, + KlI a O. 

The salt is dark brown in colour dissolving in wale;- to a bright .red 
solution, which decomposes slowly on keeping, but rapidly on warming, 

* Howe, J. /finer. Chtm. Hoc., 1004? 26 , 543; see also Miolati arid Tagiuri, Guzzctla, 

1900, 30 . fit], 511. » 

s Soifllowo, loc. cit. Substituted ammonium chlor-ruthcnatee, such as, for example, 
tho methyl derivative, (CH,.NH,),RuC'l ( , etc., have been prepared by Guilder and. 
Zwickir, lift., 1907, 40 , tiOO. * Howe, J. Aincr. Chan. Hoc., 1901, 23 , 775. 

• Gutbicr and Trenkner, Zciisch. a wig. Chtm., 1905, 45 , 155. 
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yioMiri<r a black precipitate. With sulphuretted hydrogen the solution 
tfjclilt, rillliciiiilin sulphide. 

' When healed Hie solid brdmide evolves bromine. It*absorbs dry 
ammonia gas, r y hiding an addition compound of composition 1 
•_>l{iilh : ,.7NII :l . ' * 

With bromides of the alkali metals double salts known as brom- 
riillumilfn are formed.' Of tju-se the potassium salt is mfist im))ortant. 

Potassium Bromruthenite, Kdtiilir,,, is formed when •potassium 
bromide is added to a, solution of ruthenium tetroxibe in hvdrobromic 
.■acid. Upon eoneeidralion over sulphuric arid small brown crystals 
are ohlifkicd, readily soluble, with decomposition, in water. 2 

'fhe corresponding ammonium, rubidium, and casium derivatives 
have been prepared. 

Although the tetrnbromidc of ruthenium has not been isolated, 
double salts, known as bramrulhenates, have been prepared. 

Potassium Bromruthenate, K s HuBr (1 , is obtained 3 by passing a 
current of bromine vapour I hrougli a concent rated solution of potassium 
nipiobromrulhcnale cooled to 0" A precipitate of minute crystals is 
obtained, octahedral in shape, and very«,nibble in water. 

Potassium Aquobromruthenate, K 2 Hu(011 2 )lIr 5 , may be prepared 3 
by boiling; potassium bromruthenite with alcohol and hydrobromic 
acid. On standing, minute brown crystals, having the above composi¬ 
tion. separate out. 

The corresponding rubidium and cli.uum salts are also known. 3 

Ruthenium Tri-iodide, Hut.,, was prepared bv Claus' 1 by double 
decomposition of potassium iodide and ruthenium trichloride in aqueous 
solution. 6 'I’lie salt separates out as a black amorphous precipitate 1 
which, on heating, evolves t,he whole of its iodine content. It absorbs 
ammonia, yielding 2ltuI ;1 .7NlI 3 , but does not appear to yield double 
salts with alkali iodides. 6 

RUTHENIUM ANI) OX YUEN 

Hulhcuium combines with oxygeq in several different proportions. 
A monoxide, IluO, wtis slated 1 >v Claus 6 to result when tluNlichlorido, 
Hull... is heated with slightly more tjian one equivalent ol sodmm 
carbonate in a current of carbon dioxide. This result was apparently 
accepted until 100.5, in which year Outbid} and Trcnkner, 7 as has 
already been mentioned, threw doubf on the supposed existence ol 
ruthenium diehloride. This raised the question as to whether or not 
the nuViuYxide could exist. Experiment s carried out by Cut bier and 
llansohoff with a chloride' qf ruthenium and sodium carbonate after 
the manner described by Claus gave very uncertain results, from which 
it may be concluded that ruthenium monoxide” hys not as yet been 
prepared, and is possibly incapable of a separate existence. The 

*GuU>Ser unit Trenkurr, ZtUstk. amirs- Chan., 1805, 45, 166. ' 

* Ho wo, J. Amcf*. Chew. Sue., 1904, 26 , 943. 

3 Hinvo, loc.cit. Substituted ammonium bromruthenates aro described by Gutbitr 
uul Z wicker. Iter., 1907, 40 , 990. 

* (Tans, Hull. Acad. Sci. IVtruyrad, 1800,' I, 100; 180$, 4 , 474. 

8 Gut bier and Trcnkner, Zcitneh. anury. Chan., 190.7, 45 , 19(3. * 

* (Tans, Annahn, il840, 59 , 234. 

* Gut bier and Trcnkner, Zcit&ch. anury. Chun., 1905, 45 , iOO; supported by Gut bier 
ind llausolioff, ibid., p. 245. 




evidence, however, is by no means exhaustive, and furtiier work oy tli| 
sidijeet might lead to interesting; results.* 

•In tlu- following table are given tli? various oxides and livdfated 
oxides of ruthenium wliieh ay-re assumed 1>$- Clauir an* bv Debray and 
July. The final column mentions those whose existence has now been 
faiilv definitely established, largely through the irscarehcs of Gut bier 1 


and his collaborators. 
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Ruthenium Sesguioxide, Hu/).,. When strongly lilted i t air 
ruthenium yields a bluish black oxide which is not reduced at white 
beat . 3 ( Ians 4 believed that the sesijuioxide. It ii/).,. could be produced 
in Ibis way, but Gutbier and Itansohoff 5 ha\<V adduced evidence in 
favour of flic assumption that the |fr<>duci js not a well-delined oxide, 
but an intimate mixture of rutlienium and its dioxide, Ru0 2 . No 
other method tried by the last named authors yielded tie sesijuioxide 
in the anhydrous condition, although decomposition oft la - eorrcs|>onding 
hydroxide, 111 m(OII) n (see la-low), b/ ignition in a current of carbon 
dioxide gave indications that the oxide is enpubic of existence. 

Hydrated Ruthenium Sesquisxide, Ru/)...311,0 or Ru/OH) 0 , was 
prepared Inf Gufbier and itansohoff 5 by addition of sodium hydroxide 
to an ;ujueous solution of ruthenftim scsi|uichloride, Ru./'l f) . A blackish 
brown .miorjdious preei[>itate was obtained which was dried in a 
vacuum desiccator were sulphuric acid. Analysis yielded figures 
agreeing fairly well with the formula given above, but it was not found 
possible to remove the last traces of alkali, even by washing with very 
dilute hydrochloric acid. Ignition in a current of hvdiogen yields the 
pure metal. 

Ruthenium hydroxide islobtaim d in colloidal form by reducing an 
aqueous solution of (potassium ehlor-rutlicnite, K 2 RuCI 5 . by hydrazine 
sulphate in the presence of gum acacia, which serves as a protective 
colioijJ,*preventing the coagulation of the hydroxide . 4 

1 This table is taken from Gutbier, Zeituh. anorg. Chem 1910, 95 , ITS. 

3 These oxHes do not appear to be t^ipablc of a separate existence, although their 
derivatives arc well known. * 

3 Clau«f Aiinale/t, 1845, 56 , 257; Pogg € Annulet }, 1815, 64 , 192; 65 , 200. 

4 Cl ni*), Ann ih n, 1840, 59 , 234. • 

6 Gutbier and Ramtohoff, Zeitsch. anorg. Chem., 190#, 45» 243, 

• Gutbier and Hofrneier, J. pralcl. Chin^, 1905, JiiJ, 71 , 452.. 
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Ruthenium Dioxide,. RuO a , is oblnincd as a sublimate by heatmt 
ml la-ilium in a current of oxygen. 1 - 2 The metal may thus Ire extracted, 
•dong with osmiirn in the fofm of its more volatile tctioxide, 0s0 4 
fron”osiiiiridiniv bv healiu<: the last named in oxygen (or air) to about 
1080" ('. If the mixed vapours are passed through a heated porcelain 
tube nillieiiiimi dioxide condenses first. 


If the m*henium is finely powdered, the oxidation begins at 600° C. 
and increases rapidly with the temperature, being 'lOOO times as rapid 
at 1200 1 C. as at 700° C. Crystals of the dioxide may be detected in 
the sublimate. 3 Previous ignition in hydrogen to a high temperature 
reduces''ibe vc loeity of oxidation of the metal. 

The dioxide may also be obtained by heating the sulphate or 
disulphide in the presence of air. It crystallises in the form of hard, 
tetragonal pyramids, of density 7 *2, and isomorphous with eassiterite 
and rutile. 2 The crystals exhihit a green iridescent metallic lustre. 
They are not acted upon by acids, but yield potassium ruthenale when 
fused with potassium hydroxide. 

The dioxide undergoes partial dissociation 4 at temperatures above 
100 (1" and when heated ill vacuo the oxygen tension amounts to 
lfi to 17 mm. at. 1000” (’.. and a little-metallic ruthenium remains 
behind on cooling beneath the layer of dioxide. 

Ruthenium dioxide is obtained in tiie hydrated condition, 
HuOj,,i , Il a O, as a dark red precipitate hv heating the sulphate with 
potassium hydroxide solution. On healing to 800” C. it. loses water, 
and at higher temperatures dellagrales with incandescence. It dissolves 
in acids anil alkalies to yellow-coloured solutions. Claus gave the 
formula Ru(()lI),.:tH s O to the precipitate, but: Cutbier and llansolioff 5 
show that tiie composition is variable. 

Ruthenites. -Ruthenium dimdde unites with metallic oxides to 
yield nil heniles of general formula M"KuO :) . The best-known salt is 
barium nilbniitc, ltaRutwhich is obtained by heating barium 
nithcnaU-10 ItO” C. in vacuo, when oxygen is evolved and a bluish black 
residue of rulhenite remains, which is insoluble in water. Treatment 
with hydrochloric acid converts it into Hie trichloride.* • 

Ruthenium Tetroxide, Ruthenium Peroxide, Ru0 4 , results in sir..” 
quantity when rillheniiim is healed to about 1000° C. in 7i current of 
oxygen. A more convenient method of preparing it is that first 
adopted by Claus, 7 nod consists in passing chlorine through a solution 
of alkali rutheuate s and warming to 80° to 90° C: The tetroxide distils 
over and, on cooling, yields a golden yellow mass. It may be purified 
by repented shaking with warm water to remove all traces of chlorine, 
separating as completely as possible from water, and finally subliming 
several times in vacuo, when it yields beautiful crystals * melting at 
23-5° C. to an orange liquid, and decomposing at.JOO 0 to 107° C., yielding 
the crystalline dioxide. Its vn|xnir density at 100° C. as determined 

1 Guilder ft»d Runsahoff, Ztitwh. anorg. Chan., 1005, 45 , 213. 

a Dovillennd Debray,.!««. ('him. Phys., I860, 56 , 3S5; Compt. rend., 187(3' 83 , 027; 
1878, 87 , 441. 

* Gutbier, Loucha. Wioasniann, and Mniscb, Zdt.nk. anorg. Chcm., 1016, 96 , 182. 

4 Debray and Joly, Compt. rend., 1888, 106 , 100. 

* Gutbier and Itanaohoff. Zeitsch. anorg. Chan., 1905, 45 , 243. 

* Joly, Compt. rend., 1891, 113 , 094. 

7 Claus, H*iU. .‘lead. Sd . PtUrograd, I860,1, 97. 

8 Howe, J. Amer , Chan* Soc., 1901, 23 , 775. 

* Gutbier, Zeittfch. angew. Chtm., 1900, 22 . 487. 
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by* Dumas' method 1 corresjiohds to a mojeenhu- weight of 1GlbJ,, 
Theoretically the formula Itu0 4 requires the value 105-7. The vhJmhi? 
vigorously attacks cork and rubber. 

Ruthenium tetroxide dissolves to a slight extent in water. It. tV 
also soluble in caustic alkali,, from which solutions a black precipitate 
of finely divided ruthenium is obtained on addition of alcohol. 2 Roth 
the aqueous solution and the pure substance itself possess an odour 
resembling that of ozone. Its vapour, however, is not poisonous like 
that of the corresponding tetroxide of osmium. In contact with 
alcohol the solid tetroxide is reduced with explosive violence. 3 -’’ When 
(jpvered with water, to which a concentrated saluting of e.i sine., chloride 
is subsequently added and a little hydrochloric acid, rid hen ’am t< I reside 
is gradually converted into the oxv-salt. Cs.RuOjCI,. The cor res] load¬ 
ing rubidium salt has likewise been prepared. 3 

Ruthenium tetroxide is permanent when kept, in sealed tubes in the 
dry state and protected from light. Kxposed to light it. assumes a 
brown colour, but the brown product, is soluble in alkali, yielding a 
ruthenute. Presumably the coloration is due to partial reduction. 
Owing to its ready reduction bv organic substances whereby a black 
precipitate of finely’ divided rithenium is obtained, potassium per- 
ruthennte has been found useful for histological microscopy. 6 

Several other oxides have been described, namely. Ru 2 ()r,, 
RiiJtj.gH/), 3 Ru 4 O a , 2 RiiOj, 3 « ami Ru,0 7 > Of these, til!- Cost thr'e. 
are probably indelinite mixtures rather than separate chemical entities. 
The last two oxides do not. appear capable of a separa'e exist-net:' 
although their compounds are well known. These are termed : 

Rulhcnales, MdttiOj, and Per-ruthcu'ilrs, MRu0 4 

Potassium Ruthenate, K 2 Ru0 4 .H 2 0, i lay be obtained by fusinj. 
nitbenium with a mixture of potassium hydroxide and nitrate. A green 
mass of potassium ruthenate is formed, which dissolves in water to at) 
orange-coloured solution. It is also formed when 50 grams of ruthenium 
tetroxide are dissolved in 500 c.e. of Witter containing 70 grams ol 
potassium hydroxide at G0° C. Crystals obtained by evaporation from 
i.o aqueous solution are rhombic it. character, and possessed of a greenish 
metallic lustre. Hy transmitted light .lie crystals appear red. They 
absorb moisture from the air aTtd darken owing to partial reduction. 
Heated, to 200° C. they become anhydrous, but. undergo no further 
change even at 440° C. • • 

In solution potassium ruthenate is of a deep orange colour, but 
in dilute solution assumes a green colour, due to formation iA per- 
rutheuatc. Hydrochloric acid effects the precipitation of an oxide, 
chlorine being simultaneously evolved. Tne solution stains the skill 
black owing to separation of oxide? 

The corresponding sodium derivative is readily prepared by* fusing 
together ruthenium and sodium peroxide. 3 The silver, bin turn, stmntimni 
calciujn, and magnesium sails are also known. 

1 Dcbray and Joly, Compt. rend., 1888, 106, ‘{-8. 

* Debray afld Joly, Compt. r/nd., 1888, 106, 328; JMII, 113, 093. 
ierivati. * Howe,«/. Amer. Ckem. iSV., 1*K)1, 23, 775. 

* Clauef 4 Gulbicr and Trenkner, Zeitich. anory. Chan., 1905, 45 , 100. 

* Cliut, . !..*■*» Hanvicr, Compt. rond 1887, 105 , 140. • 

5 Gutbier anuua, Annalen , I $46, 59, 234. • 

* Gutbier and bier and lianaohoff, Zeitjch. anory. Chem ., 1005, 45, 243, 
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1^ ' COBALT, iftCKEI/, AND ELEMENTS OP ■ 

Potassium Per-rutheoate, KIlu0,,.TI 2 0. This salt results by t 
ictioii of chlorine on an aqueous solution of the normal ntthenatc, 
also by the solutfon of 5(1 grams of ruthenium tetroxidc, previou? 
fused under \vat«r, in 250 ere. of water at .(t0° (’. containing 00 grams 
potassium hydroxide. 1 On crystallisation, black tetragonal octahed 
result, which, on heating in vacuo to 400° C. decompose to oxyge 
ruthenium dioxide, and potassium rulhenutc.* Tpc crystals are n 
isomorphous with those ol potassium permanganate 3 as ,was at ot 
time believed to be the ease. 

Sodium Per-ruthenate, NaRuO,,.lM), is»prcpnred in an analogot 
inanner tfbthc pota»sium salt as small, black, crystalline lamella'. It; 
•onsiderably more soluble, in water than the potassium analogue, an 
yields a dark green solution. Heated to 110 ' C. water and oxygen ai 
evolved. 1 

RUTHENIUM AND SULPHUR 

Ruthenium Sesquisulphide, Ru z S.„ occurs in the platinum washing 
of Romeo and Oregon as the rare mineral lanrile, usually in the font 
of minute oetahcdra; hardness 7-5, ^easily (t ill). It has ;i brigli 
metallic lustre and contains a little osmium. Devi lie and Debray 1 
prepared a similar sulphide artificially in the form of isometric crystals, 
oclnhcdra, and cubes by healing ruthenium with pyrites and borax. 

Ruthenium Disulphide, RnS„, is formed bv allowing hydrogen 
sulphide and potassium ehlor-rutheimte solution to react .-it NO" to 90" C. 
when it is dntuiued as a black precipitate.® When dry it explodes 
violently if warmed in air. 

Ruthenium Trisu!p.hide, RuS.., is obtained by passing hydrogen 
sulphide through an aqueous solo,lion of potassium ehlor-rulhenate at 
0" C. It is formed as a fellowish brown precipitate. When dry it 
readily oxidises in air, becoming heated to incandescence; for this 
reason the sulphide is dried in an atmosphere of an inert gas. 0 

Ruthenium'Sesquisulphite,: KuySt>,);), is obtained by passing 
sulphur dioxide through a solution of the sulphate whereby the colour 
changes from bright, red through gr^cn to blue. Addition of alcohol 
precipitates the sulpliite in a blue colloidal form which may be dried 
at 8(1" V. It dissolves in excess of water, giving a solution from which 
it may he precipitated by addition of a salt. Double salts with the 
sulphites of potassium and sodium respectively ljavc been prepared. 7 

Thus, on boiling solutions of sodium chlor-ruthenite, Na 2 Rut'l 5 , and 
sodiupi sulphite, ^ii minute crystalline precipitate of sodium ruthenium 
sulphite, Na-Ru(h()]){,.-HjO, is obtained. The corresponding potassium 
salt has also been isolated., Tins, with potassium hydroxide solution 
is converted into the complex 0[Ru(S0j),K s ],. tll 2 (). The following 
salts have also been obtained,' G| Ru(SO ;1 ) 2 (NO)Na s 1.2lLO, and 
0 [Ru(M) ; ,) 2 (NO)K 2 ].2I1 j O, both in crystalline form.® 

“ 1 IVbra.v and July. Com pi. rend., ISSS, 106 , 32s; X 891, 113 , (>93. 

* Or possibly an allied aul&tnnce. 

J llufot, /tall. Sue. Min., 1SIKI, II, 215. , 

* Di'bray and .July, Compl. rend., ISSS, 106 , 1494. 

5 Ilcvillc and Betray, Hull. Soc. Min.. *18711. 2 , 185 Compl. rend., 1S79, 89 , 589. 

* Antony and bueebesi, Oaztetta, 1000, 30 , |ii], 539. * 

7 Claus, J. peak t. Chem., 1847, 42 , 3(14; Antony and Luccbcsi, Gazutla, 1800, 30 , 
it], 71. 

* Miolati and Tagiuri, OazteiUt, 1900, 30.diil. 511 - 



ROTinfrtto'M and its ooMPdtntos p 

' Ruthenium Dithionate, RuS/) 6 . ltv the continued passnjjc of 
st.^phur dioxide through the sulphate solution the blue solution men* 
doned above beeoines colourless, and ruthenium dithionate J -is pro¬ 
duced in solution. It is precipitated fron#the solution as a yellowish 
while powder by addition, .of alcohol. On lissolvinj; in water and 
concent ratin';, the salt is obtained as a yelloxt crystalline mass of 
radiating libres. J.I is readily soluble in jvuter and in acids. When 
warmed with pernianijauale solution ruthenium sulphate is produced. 

Ruthenium 5u!phate ; Hu(S(),) 2 . results when the precipitated 
sulphide is oxidised by solution in nitric acid,-and by dissolvin'; barium 
Aithcnutc in fuminy I'.ydroehlorie acid, evaporatiiv;»to drvnw tTcxhaet- 
injj with water and addins excess of dilute sulphuric acid. The barium 
is precipitated and the liltrate is concentrated.® yielding a red liquid, 
from which, however, Antony could not obtain the crystalline salt. It. 
is also produced by dissolvin'; the tetroxide in sulphuric acid. On 
evaporation the oranye solution yields a yellowish hrown. amorphous 
residue, which is very deliqiiesceut and easily soluble in water. On 
warmin'; with alkalies, ruthenium hydroxide is precipitated from 
solution. 

RIJTHK\H T M AND NITROGKN 

Ruthenium Nitrosotrihydroxide, Ilu'NO)(OII) ; , is readily obtained 
by addition of the H'quisite quantity of polassium bvdneflde to 
a solution of p.tia.sium nitros ichlor-rulheiiale, K 2 ltn(NO)l’l. or 
2K(‘I. |t|i(NO)('I... at I hr boiliny point. H 

2KC'l.ltu(\0)t.'l, | - .‘(KOII -• oKTl i ltu(NO)(OII) 3 . 

The liquid, which had a rrddisR blur rolou*', becomes colourless, a 
clear brown, gelatinous preeipirate of tin hvdroxide separating out. 
Since the hydroxide is soluble in ex< ess of t he potash, yieldin'; a brown 
solution, care must be taken to add only the theoretical quantity re¬ 
quired. Thorough washing with boiljiy water, in which the precipitate 
is insoluble, is desirable to remove all traces of polassium chloride. 

When dissolved in potassium hydroxide solution and reduced with 
formaldehyde, a mixture of hydrates is obtained.4 Addition of hydro¬ 
chloric acid and potassium chloride and subsequent evaporation results 
in hfown crystals of polassium eblor-rulbenite, K 3 liu('l s , ant) red 
crystal^ of Ru li {\0)C'l..‘SKCI. III(‘l separatin'; out. These differ in solu¬ 
bility, the former bciny rflore lafmlly dissolved by cold water than the 
latter; the isolation of each in a pure state is thus easy. 

When ruthenium nitrate is boiled with hydrochloric fieftl mul 
evaporated at 120“ a Nitrosochlcridc,, ItuCI.,.NO. IIJ), is obtained 
as a red crystalline mas* On recrystallisution a pcnlahydintc is 
formed, ltuCi 3 NO.5H.jO, as dichftiic trielinie crystals, which cflloresee 
in dry air. 

Tl>e nitrosochloride is also o*l»tnined by’boiliny for several days with 
aqiur regia the precipitate formed on addition of dilutc»ah’oholie potash 
to ruthenium tetrqxide.* 

1 Antony and Luechesi, QazztUa , 1898, 28 , [iij, 139. 

* Claw, Annafcn, 1840, 59 , 234. 

* Antony and Luechesi, (Snzzfttn % 189?#. 29 , {iij, 312. t 

4 Brizard, Ann.Chim. I’Jn/*., 1900,21,311 ; Covtpl. n^ul.. 1890, 122 , 730; 1890. 123 , 182 . 

* Howe, Amcr, Chun. Sor.. 1894, i 6 > 388. Absolute alcohol must not he employed 
?n account of the explosive nature of theTeaction. See p. 147. 



3J&-U' > C9VAIj1Y«JUIU!&i, AWJU JEJjJSMBKTO'W l'J J ATiNUai ^J|«MJt' 

Several other complex nit/oso derivatives of ruthenium have been 
prepared, namely: 

llii,(\())II 2 (fill)Cl 2 , Rn 2 (NO)II 2 (OII) 3 , Ru,.(NO)II 2 Cl 3 .2lICl, 

• and Ltu 2 tNO)H 2 (:l. 1 .(N-n 3 )„.2fK'lj 
Iml for accounts of tljo.se the reader is referred to the original memoir. 1 

liiithniinm. nitroso-trilinmiiile , Hu(N0)Rr.,.II 2 0, and tri-iodide, 
Rii(NO)I. ! , Aq., have been described . 2 

Amniino derivatives have also been prepared and are discussed in 
Volume X of Ibis Series. 

Potassium Nitrosochlor-ruthenate or Potassium Ruthenium Ni-' 
trosochloride, 2KtT.1tu('l 3 . NO or K 2 RuCi 5 NO, is obtained by direct pre- 
cipitut ion of concentrated solutions of potassium chloride and ruthenium 
nit rosocbloride ; it also results on evaporation of mixed dilute solutions 
of I he two substances,, 2 It yields black orthorhombic crystals which 
dissolve in water to a reddish violet solution. The aqueous solution is 
stable, its electric conductivity showing no alteration whatever after 
standing for two weeks. Its solution apparently contains three ions, 4 
namely, Iv\ K‘, and UuClj.NO". 

This salt is interesting as being the.onp which led Claus in 1845 to 
identify ruthenium as a new element. He believed it to be K 2 RuC'l„, 
analogous to potassium elilorplatinate, but. .1 ofy r> showed it to be a 
nitroso compound. The ilihi/drute, 2KC1.RuC 1.,.N0.2H 2 0, is deposited 
as b!a?k, efflorescent crystals when the mother-liquors of the salt arc 
slowly concentrated. 11 

The com-sponding bromine and iodine derivatives, namely, 
2lCRr.RnRr a .NO and 2KI RuI 3 .N() respectively, have been pre¬ 
pared. 7 , 

Ammonium Nitrosochlor-ruthenate, 2 

(Nil,) a RuCI*.NO or 2NII i Cl.RuCl 3 .NO ) 
an 1 its dUnjdntte are prepared in a similar manner to the potassium 
salt, which iV resembles. The bromine and iodine analogues have also 
been obtained. * 


Caesium Nitrosochlor-ruthenate, Cs 2 Rn(’I..NO, and its? <!ihydrate. 
CsJIut'l,. NO. 2ll s (), are known.* 4 . ^ -w**- 

Rubidium Nitrosochlor-ruthenate, Rb 2 RnCl 5 .NO, is precipitated as 
a rather pale purple anhydrous salt oh mixing concentrated solutions 
of rubidium chloride and ruthenium nitrosoehloride.* On rcorystnllisa- 
liou from hot water very dark crystals are obtained. 

If, however, dilute solutions of the above two compounds are 
mixed and evapbrated over sulphuric acid the dihydrated salt, 
Ub 2 RuC'l 5 .N0.2lI 2 0, separates out as large, dark purple crystals. 
These lose their water of crystallisation after further standing over 
concentrated sulphuric acid. 9 The hydrated crystals are monoclinic 10 
and iscimorphous with the corresponding civsium stilt. 


llriznrd, Ann. Chim. I'hys., 1900. aj, 311: Coin pi. rend., 180G, jaa, 730: 123 , 
Joly. Compt. tpnd., 1889. 108 , 854 ; 1888, 107 , 994 
IIowc, lor., cit 


* bind, J. .4 niff. Chtm. Sue., 1903, 25 , 928. 

* ,loly, Compt. rend., 1888, 107 , 994. 

* .lolv, ibid., 1889, 108 , 854. 

* Dnh't. Hull. .Sty. Min.. lS'.ll, 14 , 900. 

* .Joly, Compt. rend., 1889, \o 8 , 854. 

* Howe, .7. Anifr. ('hem. Sor., 1894, 16 , 388 


N. 1). Clarke, ibid., p. 395. 



SUTHK I MUM AMP; TO <XB!PQON^ 

Double Nitrites 

Potassium Ruthenium Nitrite, 4K?>Oj.2Ru(\rtj) a , is prepared b 
adding potassium nitrite to .a dilute, acidified solid'an of rutheniui 
chloride at 00° C. until the,, solution just becomes alkaline. 1 On cor 
ccntrating slowly in the cold, orange-red crystals are obtained. Wit 
hydrochloric acid a nitroso derivative is pblnined, whilst anunoniur 
chloride decomposes it with evolution of nitrogen. 

A basic salt. 8KN0 2 .ltiij0.(N0. 2 ) 4 , hat also been isolated. 2 

Sodium Ruthenium Nitrite, lNnN0 2 . *2R u( NO, V,.til,(). is cbtainci 
*n an analogous manner to the potassium salt.* If yieVTs orange 
yellow, diehroie crystals which are easily soluble in water. The; 
effloresce upon exposure to air, and at 110" C. become anhydrous. 

RUTHENIUM AND PHOSPHORUS 

When spongy ruthenium is heated for five to six hours at. 300° t< 
350° with phosphorus pcntaehloride and some phosphorus trichloride 
a complex substance. knowp as let yacht or diruthenium pciitiiphosjihoru 
trichloride, Ru 2 (.'l lt P B or 2RuCI 2 .5P(’l 3 , is obtained, and may be separate! 
by means of chloroform, in dark, reddish yellow crystals. The follow 
ing formula has been suggested 1 as representing the constitution of thi; 
substance : 

C! PC'lj Cl 

CLP.Hu.PCI,. Ru.PCI.. 

Cl PCI, Cl 

The corresponding brom derivative. Ru Rr„P s , has also beei 
obtained. 4 * 


RUTHENIUM AND CARHON 

Carbides of ruthenium arc not kntnvn. 

Ruthenium Dicarbonyl, Ru(C()) 4 .—Ruthenium, like iron, yields i 
,'Mibonyl derivative. Ij is obtained as an orange-yellow deposit upot 
subjecting'rutheniuni black to the action of carbon monoxide at 300" C 
undcj a pressure of 400 atmospheres. The product is ex tract eif Iron 
the residue by solution in alcohol. It, is insoluble in benzene and ii: 
hydrochloric acid, but soluble iu nitric acid and in bromine, gas being 
evolved. When heated, a mirror of metallic ruthenium is produced. 1 
In contradistinction to the other carbonyls of tlm group «f •metals 
ruthenium dicarbonyl is not volatile. 

Potassium Ruthenocyanide, K^HufUN),.811,0, is obtained by 
heating to the point of fusion ammonium ehior-ruthenate with a slight 
excess of potassium cyanide 8 for ten to fifteen minutes. Kxtr «ction til 
the melt, with boiling water and subsequent evaporation yields crystals 
of pytassium ruthenocyanide. • 

1 Dnfet, toe. cit. : Jply and Vim, Compt. rend., 1889, 109 , 667. 

• Jot; and Lentil 1 , Compt. rend., 1894, 118 , 468. 

• Dufet, too. cit. * 

• Strecker and Schuriprin, Ber., 1909, *(2, 1767. 

• Mond, Hirt*, and Cowap, Trane.Chem. Soc., 1910, 97 , 798;*Mend, Brit. Arxjf 
Report*, 1915, p. 393. 

• Claus, Beitrtfe mr Chemit der Ptatiumelalle, 1854, p. 97. 



16V' UOBAl/r, jniumsl,, aiiv jsjusinisa'xo vjr i-barinuj* uijptt?- 

, Up we 1 has prepared the salt in a variety of ways, the three yicldihg 
the best; results were as follows : 

(I) Fusion of }1t>lassium ruthenium nitrosochloride with potassiifm 
cyanide. This gave a somewhat hettec «yield than the method of 
Claus. 

(•_') Ruthenium trichloride fused with potassium cyanide. 

(:!) The melt formed by fusion of ruthenium in potassium hydroxide 
and nitrate, and thus containing potassium ruthenate, was dissolved in 
water and boiled with potassium cyanide. The orange colour was 
quickly bleached, the ruthenoeyanide prodftced being subsequently, 
isolated I* erystailiaijion. 

Potassium ruthenoeyanide crystallises yi square psciido-rhombic 
plates, isomorphous with the corresponding ferro and osmo-eynnidcs. 2 
Its solution in water yields no precipitate with salts of the*alkaline 
earlh metals as their ruthenocyanidcs are soluble. Ferric chloride gives 
a rich purple precipitate resembling Prussian blue in its chemical 
properties. Soluble in pure water it is precipitated by sails or alcohol. 
When precipitated in cotton libre it adheres well, imparting its own 
beautiful colour. Alkalies decompose the salt, which, however, is 
re-formed on addition of dilute acid. This* constitutes a useful test for 
rulhenocyunides. 

Ferrous sulphate yields, with potassium ruthenoeyanide, a pale 
blue precipitate which gradually oxidises to the purple one on standing, 
hut instantly on addition of bromine. 

With hydfochloric acid hydrogen cyanide is evolved on warming, 
and after a time a deep violet-blue precipitate of ruthenium cyanide 
with a little potassium t cyanide is obtained. Chlorine colours the 
solution brownish yellow, possibly in consequence of the formation ol* 
a rulheniovnnide, although ^10 crystalline salt can be isolated from it. 

Barium Ruthenoeyanide, 1 ta.R u(( N) 0 . Cl Ft), may be prepared from 
the potassium salt as pale, straw-coloured monoelinie crystals. It is 
slightly soluble in cold water. When preserved over sulphuric acid 
the crystals lose water of crystallisation ; at TOO" C. 5-5 molecules arc 
expelled, the remaining half molecule being retained up to nearly 
200° C. 3 /• 

Strontium Ruthenoeyanide,*tsr^i*ii,,,, ,,,o mvu |uv|>area 
by decomposing the insoluble lead salt, \fith sulphuric acid and neutralis¬ 
ing the filtered hydrogen ruthenoeyanide with strontium hydroxide. 4 
It crystallises in pale straw-coloured, elongated plates, probably mono- 
elinie. and which readily dissolve in water. The corresponding .stron¬ 
tium tTrr.n'yanidetikewiso crystallises with 15 molecules of wat er. 

The following ruthenocyanides have been obtained as precipitates 
by double decomposition with the potassiiqn salt. 3 

Laid, white. * * t 

Silver, white, curdy, insoluble both in ammoniaMnd nitric acid. 

Copper, pale green, floccutent. Not brown, as given by Claus,.whose 
prdduct was probably contaminated with copper ferrocyanide. 

Cadmium, white, soluble in hot acid. 

Zinc, white. 

1 Hu we, J. Amir. Chem. Roc., 1898, 18 , 981. 

* Dnfet!, Compt. rend., 1895, 120 , 877. 

* Howe, J. Amir. Chem. Soc., 1896, 18 , 981. 

‘ Hoye end K. D ( empbell, J. Amir. Chem. Re>c., 1SD8, ao, 29, 
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Tin, both stannous and stannic, while. 

Mercui f, white. 

Bismuth, white, insoluble in nitric aPid. 

Nickel, dirty preen, changing to blue wi'.h hydroeh^iric acid. 

Coball, pale red. 

Platinum , ycllow-jrrei n. 

Manganese, white, soluble in hydrochloric acid. 

RUTHENIUM AND SILICON . 

• Ruthenium Silicide, RuSi, results on he.itiiv;*n mixtun^of find; 
divided rutheniuni and erv,stallised silicon in the electric furnace. 1 'I ll 
product is crushed and treated successively with alkali and a mixtur 
of hydrofluoric and nitric acids. The silicide together with earborun 
dum remains behind, 'flic two mav be sepfuated with mcthyleni 
iodide on account of the hiph density of rutlienimn silicide, namely, ,'*•4 

Rutltcniurn silicide is a very hard, while substance, of "real stability 
It volatilises in the electric arc. Chlorine slowly attacks it, fluoriiu 
readily. It burns in oxypen at hi<rh temperatures, and is decompose! 
by sulphur vapour at red Ik at.* Roilinp acids do not affect it. 

Detection and Estimation of Ruthenium. See Chapter X. 

1 Moissnn and Mancliol, Comp!. mid., KMW. 137 , 22'* 



CHAPTER V 

RHODIUM* AND ITS COMPOUNDS 

RHODIUM 

Symb<*l.Rh. Atomic weight 102-9 (0 — 10) 

Occurrence and History.- Rhodium occurs'as an alloy in platinum ore 
and osiniridiuin. An alloy with gold, known as rhodite or rhodium gold, 
contains from 00 to 43.per cent, of rhodium, and has a density of 15-3 
to 10-S. 1 The metal was discovered by Wollaston, 2 and so named 
from the Creek ( 5mW, a rose, in recognition of the colour of aqueous 

solutions of its salts. 

Preparation. Rhodium is obtained from platinum ores (see 
analyses, p. 238). The solution from which platinum has been precipi¬ 
tated as ammonium ehlorplatinate is treated with metallic iron, which 
precipitates the more noble metals. 3 The last-named residue is fused 
with admixture of metallic lead and litharge. On cooling, the button 
of lead remaining is well cleaned, and contains metals less easily oxidised 
than itself, auy others more readily oxidised being in the regains and 
thus easily removed by mechanical means. Treatment of the metallic 
button with nitric acid effects the solution of lead, copper, and palladium. 
The insoluble portion containing the rhodium and other metals is fused 
with excess of barium dioxjdc, lixK'iated with water and then treated 
with aqua regia. This effects the liberation of osmium, which can be 
recovered by distillation as explained on page 208 ; otherwise it may 
simply be folded.off in a fume-cupboard with a powerful draught, care- 
being taken to avoid inhalation (If the fumes, as these are exceedingly 
poisonous. When the odour of osmium has disappeared sullieient 
sulphuric acid is addled to precipitate the Ijarium. The fdlrato-fc 
evaporated with a little nitric iK-id, and subsequently taken*to dryness 
on tin- Water-bath with excess of ammftn ; um chloride. The residue is 
thoroughly washed with a concentrated solution of ammonium ohloridc 
(which effects the solution of the rhodium) until the wash waters cease 
to have an appreciable rose colour. The liquid is evaporated with an 
exccssM>f nitric a«id to destroy the ammonium chloride, the resulting 
rhodium salt is moistened .with ammonium sulphide, mixed with excess 
of sulphur and heated to mfttess ih a closed crucible. Metallic rhodium 
remains which may be further purified by successive prolonged boilings 
with atpia regia and concentrated sulphuric acid. • 

A still further purification of the rhodium is effected * by fusing the 
mrtal obtained in the preceding manner to dull redness with metallic 
zinc, whereby the conqxmnd RhZn, is formed, with considerable heat 
evolution, a portion of the zinc being volatilised. Otl cooling, treatment 
of the mass with concentrated hydrochloric acid effects the solution of 
the excess of ziiic, the insoluble crystwlliijc alloy remaining unaffected. 

1 Del Kio, Amt. Chim. Phys., 1825, 29 , 137, 

* Wolbvdon, Phil. Trana 18J4, p. 419. 

*l)ovil!o and Debray, Ann. Chim. Phys. t 1869, 56 , 386. 
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Tfic last named is dissolved in aqua renin, oxoess of ammonia tyldeij 
a%d the solution evaporated to dryness, whereby the monochloi- 
rhodium petitanimine eltloride is formed. This is ts-crystallised to re¬ 
move traces of iridium, calcined with sulphur in a crucible, and finally 
heated in the oxyhvdrogcu flame to volatilise any still remaining 
osmium. • 

Properties.* lihodium is a white inch'd resembling aluminium in 
appearance. Its density has been variously given in values ranging 
from 11 to 121.' Its mean specific! heat is (MISS, 2 and its coefficient 
of linear expansion with*rise of temperature is 0-01058.* 

• Rhodium melts at 1007" l'. 4 and boils at about ‘-Moo' 1 ('^ It is less 
volatile than platinum, 3 nd when alloyed with that metal not only 
stiffens it, but, unlike iridium, reduces its volatility at all tempera¬ 
tures above 900° It. has been suggested 6 therefore, that a useful 
alloy for best quality crucibles would consist of platinum 95 to 97 per 
cent.., and rhodium 3 to 5 per cent., and containing no other detectable 
impurities. Ik-low 900° (’. the presence of rhodium appears to exert a 
negligible effect. When cooled to — 80° rhodium appears to undergo 
a molecular transformation of some kind, analogous to that evidenced 
by copper. At this tempera!life the electrical resistance is consult rably 
below the calculated value. 7 The most intense lines in the spectrum 
of rhodium arc as follow 8 : 

Are: 3280-08, 3283-71, 3323 21 339(5-95, 3135-03, 3102-19. 

3170-82, 3171-95. 3502 07, 3507-18, 3528-18, 3590-32, 3597-31, 

3058-15, 3092-51, 3701-07, 3799-10-, 3959-00, 41*9-00, 4135 15, 

-1211-20, 1375-00, 5351-00, 5599-08. 5983-81. 4 

Spark : 2910-30, 3390-99, 3502-71, 3528-19, 3058-11, 3092-51, 
3701-10, 3799-15, 3822-11, *850-05, 3959 02, 1375-01. 

When rhodium is melled in the presence of charcoal some 7 per cent, 
of the carbon is dissolved, only to be thrown out again in the form of 
graphite on cooling.* When heated in air the surface 'of the metal 
becomes slightly tarnished or oxidisAI. 

Finely divided rhodium, such as that obtained by the reduction of 
salts in hydrogen, i.s a greyish, porous powder which only absorbs 
small quantities of hydrogen, although it acts as a catalyser in pro¬ 
moting the union of hydrogen find oxygen. 10 When heated strongly in 
air, ojsygcn is absorbed and the product., once believed to be rhodium 
monoxide, IlhO, appea*, from more recant, research, to be an ill-, 
defined mixture of metallic rhodiuni and its sesquioxido. The reaction 
is noticeable at (100° (’., and increases in velocity with rise of.lampcra- 

i 11 by Wollaston (Phil. Trans.. 1804, p.^ltt), 11-6 by Cloud (Annates Mints, 1819,- 
4 , 151), and 121 by Deville andDebray ( lor. at.).' 

J Kcgnault {Ann. Chim. Physl 1850,4<S, 203 ; 1801, 63 , 15) gavo the value 0-05527. . 

* Fizcau, Compt. rend.,*1809. 68 , 1125. 

* Mendenhall and Ingenoll, Phys.Review, 1007, 25 , 1. 

* Crookes, Proc. Roy. 80 c., 1911-12, a, 86 , 401. • 

«JJurgeaa and Sale, Bureau of Standards, Washington, No. 254,1915. 8 cn also J find. 
Bny. Chem., 1914, 6 , 452: 1915, 7 , 561 1 Burgess and Wallenberg, Tfurcau of Standards, 
Washington, No. 280, «1916. 

* Broniewski and Hackspiy, Compt.\end., 1911, 153 , 814. 

* Ezner ami Haechek, Die Spettren dcr KUmenle bei normalem Druek (Leipzig and 

Wien, 1911). . * 

* Moisaan, Com pi. rend., 1890, 123 , 10. , 

w Quennessen, Compt. rend.. IfKH, 139 , 795i Bull. Soe, chim., 1905, [iii], 33 , 191, 
Contrast Wilm, Ber.. 1881, 14 , 029. 
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ture. 1 At ordinary teujpcra hires oxygen is without action upon 
fyodfhm. Chlorine attacks the finely divided metal, t4ie reaejum 
beginning at 2.’ii>" C., yielding the trichloride, lihCl,, Which at high 
teiii|)(.-rat.iires undergoes partiul dissociation. 

liroiiiiuc begins to react at the same tguperature (250° C.), but the 
product has a variable composition, indicative of simultaneous dis¬ 
sociation. Thus : 

2 Uh*b ;dlr 2 ** 2RhHr 3 . 2 

Ithodiuin is insoluble in acids, even in aqua regia, although when 
its alloys arc attacked by this latter mixture a portion of the rhodiunj 
passes inTh .solution? • When fused with potassium hydrogen sulphate, 
rhodium dissolves, yielding the sulphate. Tills reaction is interesting as 
affording a convenient, method of separating the metal from iridium and 
platinum (see p. 314). 

Kin dium that, has been )>recipitated from solution evolves consider¬ 
able quantities of various gases, such as carbon di-oxide, hydrogen, and 
oxygen, when healed in vacuo. After this treatment the metal does 
not occlude appreciable quantities of hvdrogen or of carbon di-oxide 
between 420° C. and 1020" C. s 

Colloidal Rhodium may be prepared by llrcdig’s method, which 
consists in sparking between rhodium electrodes submerged in iee- 
eooled water, a current of 2 amperes at 110 volts proving useful for the 
purposed The solution has a reddish brown colour, and is very 
unstable. 

Colloidal fhodium may also be prepared by reduction of pure 
rhodium salts with hydrazine hydrate. Traces of impurity prevent the 
formation of the hydrosol, which is very unstable. Addition of n« 
protective colloid, such as a 1 per <s>nt. solution of gum acacia, renders 
the hydrosol stable, so much so that it admits of concent ration over 
sulphuric acid in vacuo, yielding a dark brown solid mass of colloidal 
metal, contayiing 00-1 per cent, of rhodium, and almost completely 
soluble in water. 3 Shaking the colloidal solution with barium sulphate 
or animal charcoal serves to coagulate the metal. 

Sodium prol alhnte or I vsnlbnte m;q' he used instead of gum aeaej^t 

Colloidal rhodium fat aly tieally assists the decomposition of hydrogen 
peroxide in a<picons solution in a simila* manner to colloidal platinum. 

Colloidal rhodium prepared by llredig’s method in the fonq of an 
unstable solution containing (>•002 gram of metal ]ier litre is toxic 
towards pathogenic organisms, hut lias no poisonous action on fish, 
frogs, and dogs unless injected in large doses. 7 

Explosive Rhodium. -In l«3t»S lhmson 8 accidentally discovered 
that, several of the platindui niefcds can he obtained in an explosive 
form. Rhodium is a ease in point. t If alloyed with excess of zinc or 
cadmium, and the product treated with hvdrochlorje acid, the zinc (or 
cadmium) passes into solution, leaving, an insoluble residue of finely 
divided explosive rhodium. 

1 Oulbivr, ISiitnch. anurg. Chem., 1916, 95 , 220. 

* (Jutbier anil llUUlinger, Zeitneh. anortj. Clian., 1916, 95 , 247. 

* Siovorts and Jnrisoh, Ikr., 1912, 45 , 221. 

* Kevnot and Arena, Raul. Aeeail. Sri. Fit. Mat. Xapeili, 1909, [iii], I 5 ,J 57 

* OutViier and Ifofmoicr, prakt. Chem., 1J05, [iij, 71 , 402, 

* 1’aal and .fmberger, Iter., t!H14, 37, 124. 

7 Laneim. Compt. rend., lot I, 153 , I0SS. 

* Unnsen, ^.1 nti.i!. />, 1 SOS. 146, 260. 
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Hon that an unstable modification or allot rope results from the tfbovt 
method of preparation. and that its conversion inb^thc stable variety 
is accompanied by explosive violence. Tltjs view, however, is open to 
(piestion. When explosive rhodium is kept at ’00' to 200" for 
several days it ceases to be explosive, l’tirtheynore, if the metal is 
obtained by the foregoing method in entire ab-enee of air, it is not 
explosive. * • 

This suggests that the explosiveness is due to the union of the. 
occluded oxygen and hydrogen to form water, and not to an inherent 
ghange in the metal itself, a supposition which is supported be measure¬ 
ment of the amount of heat developed during; explosion. 1 

Rhodium Black is Ha name given to the black precipitate of in¬ 
definite composition obtained by reduet ion of solut ions of rhodium salts, 
as. for example, by treatment with alcohol and potassium hydroxide or 
with a mixture of ammonium hydroxide, formate, ami acetate. The 
precipitate consists of metallic rhodium associated with more or less 
hydride or oxide, and in an exceedingly line state of subdivision. 2 
Inactive rhodium black becomes active after absorbing oxygen for a 
time. 

for the preparation of rhodium black of permanent, catalytic 
activity the presence of sulphur compounds appears to be necessary.* 
Convenient methods of obtaining such consist in reducing rhodium 
si sipiisulphidc with formic acid ; and by electrolytic deposition of 
rhodium black from a solution of rhodium in (10 per >ent. sulphuric 
acid by a current, of 002 ampere at ISO'' ('. 5 

Rhodium black dissolves not only in aqua regia, but also in con-' 
cent rated sulphuric acid and in hydrochloric acid in the presence of 
air. 4 It possesses powerful calalyHc ptnpcrl.es. decomposing formic 
acid into carbon dioxide and hydrogen a ! ordinary temperatures; 
alcoholic potash into potassium acetate ai.d hydrogen : and liberating 
oxygen from solutions of alkali hypochlorites. The mol ' iile of ozone 
is disrupted bv rhodium black, yielding ordinary oxygen. 

Trceipitated rhodium, when heated in a vacuum, evolves a con¬ 
siderable volume of g$s consisting of a mixture of carbon dioxide, 
oxygen, hydrogen, and water. 6 

Uses. Rhodium is used, both alone but generally alloyed with 
platinum, in the const ruction of scientific apparatus such as crucibles.* 
A rhodium crucible is, all practical purposes, as resistant as one of 
iridium, and is both cheaper and lighter. 7 It has also found application 
in the manufacture of thermo-electric, couples. 8 Rhodium U.'*ck has 
been used for producing a black colour in the decoration of porce¬ 
lain. 9 < ’ ■* 

Atomic Weight. Ai>pliuiiuaU'. ,Humic Weight. -That, the atomic 
weight of rhodium is approximately IO.i and not a multiple or.fraction 


1 t?. Cohen and .Stronger. 1 ), Zr.iltch. phyeHal, Chi in., IflOS, 6i, 098. 

1 SSchenlicin, J . prakt. Chew.., 1 SOS, 98, 7fi; Hnppc-Srj let, lUt% ISSti, 16, 117. 

* Bredig amt Blackadder, Zciltrh. phytUnl. Chem., Itlig, 81, 3S5. 

* Wiltn, Brr., I SSI * 14, 029 ; Devil);: and Ilebray, Comjit. font., I 874, 78, 1782. 

• Sieverts and Jurisch, !hr., 1912, 45, 221. 

• Sce*Burgrsn and Sale, Bureau of Htandardt, Wathi iijtnii, No. 264, 1915. 

1 Crookes, I’roc. Hoy. Hoc., 1908! 8o, a, 635. • 

• Le Chatelier, Compl. rend., 1886, 102, 819; SosiAan, Amcr. J. .Sen, 1010, 30, 1. 

* Frick, Annulet Mi net, 1835, 7 , 48^ 




of this amount is evident from a variety of considerations. These may 
by sifimnarised as follows : 

' (I) According Jo Duhrng and Petit’s Law the atomic weight *11' 
rhodium is of the order of 1 y>, i.s specific l^eat being 0-058, and a mean 
atomic heat of 0*1 being assumed. 

(2) According to Ijic Periodic Classification, rhodium, which in its 
properties forms a mean between col ml t and iridium, and between 
ruthenium and palladium, should have an atomic, ift-ight. intermediate 
between the values for these extreme elements, namely, from 102 to 105. 

(:t) Rhodium, like cobalt, iron, and aluminium, yields a well-defined 
series of alums. Application of M it schorl ieh’s Law of Isomorphism 
indicates Unit theselitivc the general formula: 

M a S0 4 .Hh,(S0.,),.2uf a 0. 

Analyses of these salts .prove that the atomic weight of rhodium is 
approximately KM. 

Knirl Atomic. W eight .—The earliest determinations of the atomic 
weight of rhodium, published by Berzelius 1 in 1828, are now only of 
historical interest, his results, obtained from analyses of the sodium 
and potassium ehlor-rhodites, Na.,Rh(\ and IC.RIiCL, varying from 
llh 10,3-1 to IIh 1001. 

The first reasonably accurate determinations were those of Jorgensen* 
in I88.’lj who reduced ehloropenl amminc-rhodium dichloride, 

[Uh(NH 3 ) 5 Cl]01„ 

and the corresponding bromine compound, | Uli(NII 3 ) f ,Br]l!r a , to the 
metal by heating them in a stream of hydrogen. Subsequent experi 
menters, namely, Scubirt and Kobbe.* Iliittlinger, 4 Billniar/’ and* 
Itcn/,, 6 have used the same tiyo compounds. The results are as follow 7 : 


Rh(Nib,).: 1th : : 100-000 : x 


Jorgensen * 

1 

expts.^ 

X 

-- 31-081 whence 

ah 

= 10-3-00 

Seubert and Kobbe 10 

expts. 

X 

. 31-051 

» ♦ 

iih 

, 10:103 

Iliittlinger 

3 

expls. 

X 

=- 31 !).*>( i 

n 

iih - 

... 101-03 

Dittmar 

1 7 

expts. 

X 

' 3t 

»» 

iih .. 

= 102-9T 


Rh(Nir 3 ; 

»s«r2 = 

llh 

: 1 100 000 

: x 



Jorgensen 

1 

expt. 

X 

= 21-005 \vhence 

iih = 

= 102-97 

Ren/. 

10 

expts. 

X 

5= 2H)J3 

*» 

llh = 

= 102-90 


Jorgensen mad« one analysis of the bromine derivative for braining, 
whilst Seubert and Kobbe made one estimation of chlorine in the other 
compound, the results Ixing'ns follow : . 

Rh(NII 3 ) 5 Rr 3 : 3AgI5r :: 100-000 : 13102 tfhqpcc llh = 10.311 
RIi(NH 3 ) 5 C1 3 : JAgCl :: 100 000 : 1J5-91 „ llh = 103-1,3 

’•Iii-re-liuu, l'ogg t Annakn, 1S28, 13, 135. 

* •lor,;rns(-n, J. prnk-t. ('linn., IS83. |ii|, 27 , ISO. 

* Seuliort ami Kobbe, Anmtlrn, 1890, 260 , 311. 

* Utttlllngcr, Silt. phi/*, mtd. Sul. Erlangtn, 1907, 39, J. 

* It. Dittmar, ibid., 1909, 40, 181. 

* Rena, lnnngum} Dissertation, Erlangen, ItKX). • 

- ’ The antecedent data need in the oalouiationa in this section are as follow: O = 
JO-000, H - 1-00702, N - 14-008, Cl - 33-45J, Br - 79-910, Ag . 107-880. 


*The value accepted by the International Committee oil Atorttte 
Weights for % 192 1 is: * 

Rh 102 % 

which, judging from the concordance helweon the (Acceding results, 
ajipears to be a close approximation to the correct value. 

Alloys. ■■ Rhodium docs not alloy with silver. When added to 
molten silver it. Hunts on the surface and is recovered, on cooling, in 
the amorphous condition. 1 

It alloys with gold, aij alloy, which probably contains a real com¬ 
pound, being obtained with 1 percent, of rhodium, and which is i ntirely 
soluble in aqua regia. A 10 per cent. mixture«yi< Id IV ''rhodium, 
on cooling, in the form of lathery crystals, whilst if still more rhodium 
is present, it s parates as the amorphous metal. 1 

Added to molten bismuth, a crystalline telrabismulhide is formed, 1 
of composition corresponding to the formula Ithlti 

With tin. the compound lthSn :1 is produced, which may be isolated 
from the melt by treating with diluted hydrochloric acid. 

Rhodium dissolves in molten zinc at dull redness, and on treating 
the product with concentrated, hydrochloric acid, the excess of zinc, 
dissolves, leaving a crystalline powder of composition corresponding to 
the formula RhZn... The formation of this insoluble alloy affords a 
convenient method of purifying rhodium (see p. l.lt). 

Rhodium readily alloys with platinum, stiffening it and yielding 
mixtures that are useful for a variety of laboratory purpos. s. Rhodium 
reduces tine loss in weight of platinum by volatilisation n't all tempera- 
lures above' 900" ('., and it has therefore' been suggested that, a useful? 
alloy lor best epialitv crucible's “would be' platinum containing 3 to fi, 
pe r end. of ihodium, practically free from iron and irielium, and con¬ 
taining nei oilier detectable impurities. " - 

Alloys containing less than 5 per cent, of ilnxliiiiu are soluble' in 
aqua regia. An alloy containing :t» per ee-nl. of ihoeliu• ■ ■ is insoluble, 
in aepia regia, and is more readily fum'd Ilian rbeieiium itself. 3 

No compounds of platinum and rboeliiim 4 appear to exist be tween 
tUfiJimits of 0 and 55 per eeml. >'f rboeliiim. 

Triple aelloys, containing rhodium, iridium, and plalinum are found 
in nature (see Platinum). 

RHODIUM'AND CHLORINE 

Rhodium Dichloride, RhC'l,, is staled to rcsidt as a dull violet ? 
powder on passing chlorine over heated rhodium 5 or rhodium mono¬ 
sulphide, RliS/' Win'ther or not it is a 'se pa rale chemical entity is 
uncertain, 7 hut the balance* of evidence appears to be in favour of the 
assumption that it -is not. 

1 ROssler, Chan. Zcil., 1900, 24 , 

* Jlurgoss and .Seek', Tlunau if Simulants. Withhinjton. No. 204. 1915. 1 e 

1 Bams, Phil. Mug., 1892, 34 , 370; Mattliev, I'rir. Hoy. .SV., 1X92, 51 , 447; 1 nwaf 

and Fleming, /’Alt. Miflj., 1892, 34 , 320 ; 1893, 36 , 271. 

* Bosnian, Amir. J. See,, 1910, 30 , I. 

5 Bcn*liei«, ride infra. 

* Fcllentecrg, Pogg. Annnlrn, 1840, 5 b, 61. , 

» Claus, BiitrSye zur Chemie tier Ptalinmelalle, 1804, 41 . 03 ; Lfielie'-, Ann. Chim. Phy»i, 
1889, 17,257. 
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Insoluble Rhodium Trichloride, RhCl 3 , may be obtained'!! a variety 

s»f mivs: * • 0 

* (I) Rv (lie ac^on of ehloriiie at dull red heat, Berzgfius observed 

that metallic rhodium, iri p finely divided state, when heated to dull 
redness in ehlofine absorbs some of the* gas, yielding a product of 
empirical formula Rl^tl-, which he regarded as a mixture of rhodium 
di- and trichlorides, l{h('l 2 and RhCl 3 . Claus, 1 however, concluded 
that neither R h 2 ( I. nor ltl*CI 2 could be obtained <fc a separate entity 
by this method, and that Her/.eliiis’ product was a mixture of rhodium 
trichloride and mint tacked rhodium. Nevertheless, Claus himself was 
never able to cause rhodium under these conditions to take up the 
thenreliciil quanlil\ f «f chlorine required for complete conversion of the 
metal into trichloride. I.eidie - many ycars'later experienced the same 
dillicully both with finely divided niclallic rhodium and with rhodium 
black. The latter gave decidedly the best results at red beat, the mean 
of three results being as follows : 

Found. Calculated. 

Rhodium .... 51-Wi .. 4!Ml 

Chlorine .... 48-81 .. 50-59 

It appears probable, therefore, that rhodium trichloride undergoes 
partial dissociation at dull red heal, i.e. at about 550° C. The reaction 
•between chlorine and finely divided rhodium begins® at about 250“ C. 

(2),l!y prolonged heating of rhodium scsquisulphide in chlorine. It 
is exceedingly dillieult, however, to expel the whole of the sulphur in 
this manner.( I.eidie 4 found that even after exposure to chlorine for 
eight hours at a dull red heat the product contained 0-81 per cent, of 
sulphur. 

(«) A convenient met hud of obtaining insoluble rhodium trichloride’ 
consists in heating its alloy with \in, namely, ltliSn 3 , to 4K>“ C. in a 
rapid current of chlorine gas. Air and moisture are lirst displaced by 
carbon dioxide; chlorine is then admitted and the temperature raised. 
The alloy is*vigorously attacked, the tin escaping in the form of its 
volatile chloride, rhodium trichloride remaining behind. 4 The product 
is cooled in chlorine, which is subsequently displaced by carbon dioxide. 
It is very important* that both air and moistsire should by exchtfffd 
during the reaction, as otherwise complex oxv derivatives of tin are 
prodticed which are not volatile at the*temperatures used, and incom¬ 
plete separation of the metals occurs.- 

As obtained in this manner rhodium tviehloridc is a brick-red 
powder, insoluble alike in water and in acids. 4 

(l)'Iiv a subsequent memoir I.eidie 5 recommends the following 
method; , 

The anhydrous sodium, potassium, and ammonium elilor-rhodites 
(vide inf hi) on being heated in a current of ptirc, tlrv chlorine are decom¬ 
posed into insoluble rhodium trichloride and the alkali chloride. The 
resulting mass is cooled in chlorine, whifh gas is dually replaced by dry 
caitvon dioxide., If aminoniunt ehlor-rhodite was employed initially the 
•produet now consists of pure rhodium trichloride, the ammonium 

1 Claus, Qpua cit.y p. 63 ; J . ptakt'. Chew., 1^60, 8 o, 282, 306. 

2 Loidie, .4 nil. Chim . Phya., 1880, 17 , 257. 

3 (juUiirr and Hiittlingcr, Zcitech. anerg. Chctn., 1916, 95 , 247. 

* Lciaic, toe. cit. e 

# Luidtf, Conipt . rend., 1899, 12 ^ 1249. 



:htoridc having completely volatilised. If the sodium or jwlus^iun^ 
>a}t was employed, the product is extracted with water, the alkali salt 
lit olving. leaving the insoluble rhodium trichloride ). hind. As in this 
latter ease a trace of alkali is liable to be left behind, ii is preferable to 
use the ammonium salt. 

(5) Finally, when soluble rhodium trichloride ,'i iilr injnt) is heated 
to 410° C. in chlorine, it is converted into the insoluble salt. 1 

Obtained by these methods rhodium trichloride is a red |Hnvder, 
insoluble in water and in acids. It is decomposed by concentrated 
aqueous potash, the resulting solution behaving like that of rhodium 
sgsquioxides in the alkalies. It dissolves in concentrated solutions 
of potassium cyanide and of alkali oxalates, yielding complex cyanides 
and oxalates respectively. 

When heated in chlorine with the chloride of an alkali metal, u 
double chloride or alkali ehlor-rhodite is formed, which is soluble in water. 
Hydrogen reduces it at dull red heat to the pure metal, the reducing 
action taking place at temperatures as low as 100° C. with pure 
hydrogen. 2 It undergoes slight dissociation at high temperatures, and 
if heated in a current of chlorine to bright redness a slight formation 
of sublimate takes place, tin* on nposition of which varies slightly, but 
approximates to that required for the formula Hlit'k,. 3 When raised to 
a bright ml heat rhodium trichloride is gradually reduced to the metal. 1 

Soluble Rhodium Trichloride, Kh('l :! .,rlF6, may be prepared by 
dissolving the hydrated sesquioxide in concentrated hydrochloric acid 
and evaporating. The product is not quite pure on m ■ aunt of tin 
presence of alkali in the sesquioxide. Consequently it is advisable to,, 
extract with alcohol, which dissolves the rhodium salt, lilter, evaporate, 
and rccrvstalli.se from water. 

Lekhe 6 recommends the following method of preparation: Finely 
divided rhodium and excess of sodium chloride are heated to the fusion 
point of the latter in chlorine, and the resulting mixture of double 
chloride and excess sodium chloride dissolved in twice i. , weight, of 
water. Concentrated hydrochloric: acid is now added, and the whole 
allowed to stand twenty-four hours, whereby sodium chloride* crystallises 
out .The solution is decanted, cooled to 0" C., and hydrogen chloride 
gas passed “in. After saturation with the gas the containing vessel is 
sealed gild kept for several days til 0 C., whereby the remaining e:.eess 
of sodium chloride crystallises out. After decanting, the solution is 
gently cvajioratcd until syrupy, •and finally exposed over potassium 
hydroxide until all uncombined water has been removed. 

The product is hydrated rhodium trichloride, which, according to 
Chius® contains eight molecules of water. L'-idic, 1 on the other hand, 
concluded that the* amount o/ water varies and does not correspond to 
any definite hydrate. It is an amorphous, brick-red, deliquescent sub¬ 
stance which, on heating to 00-95° C., still retains four to liveino'eculcs 
of water and two of hydrogen chloride. At 100° C. it loses water and > 
hydrogen ciiloride simultaneously, and at 175 -ISO 1 * C. it is complct ■!/ 
dehydrated. At 3(50° C. it becomes insoluble in water, out it is most 

> ieidii'-, Ann. Chirr. Phyn., 1889, 17 , 257. 

* Pliilllps, 1 •Amur. Chen. J., 181)4, 16 , 255. 

* Lieilic, loc. cil. . 

* Claus, Ikilragf, etc., p. 64. 

5 Lciilic, Com///, rend., 1899, 129 , lt!49. 

* Claus, J. prakt. Clutn., i860, 80 , 282, 306. 
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readily converted into tiie insoluble form by heating to 440° C. in a 

current of chlorine. * ,, ., • .. .. . , t . 

Rhodium trichloride united with chlorides of the alkali metabfto 
yield two lypc.-rof double Salts, namely, tile rhodohea'achlorides or hr.ra- 
chlur-rhaditcs of general formula Rhtl 3% liMCl or M 3 RhPl„, and the 
rlwd<>i>nitachloridex of jiciiltichlur-rlwdiles of general formula RhPh,.2MPl 
or Mgltht-lj, which correspond to the cldor-iridites^iuvX chlor-rulhcnitcs 
respectively. 

(A) llt'.iachlor-rhodilrs, M 3 RhPl c 


These are isomorphous with the. corresponding hexaehlor-iridites.t 

PotassiumHexadilor»rhodite, K a RhPl s . Aip, was stated by ( lnus-fci 
lie formed on dissolving the hydrated sesquioxidr in hvdroelilorie aeul 
and adding a concentrated solution of potassium chloride. The yellow, 
acid solution becomes gradually red in colour, and in the course of a 
few weeks dark red, cllloresecnt crystals separate out. These were 
found to contain six molecules of water,of which three were readily lost 
on exposure to air. 

Leidie a was not able to eonlirm the above, but succeeded in isolating 
what he believed to be the trihydrate. K :i RhC! e .!5lI 1! 0, as the result 1 of 
decomposing potassium rhodium nitrite with warm hydrochloric acid, 
but which Duffour regards as the monohydrutc, K 3 RhC'l 6 .ll 2 0, isomor¬ 
phous with the iridium analogue, K 3 Ir( l 0 .II 2 O. 

Potassium chlor-rlioditc is decomposed by water into potassium 
chloride and the double salt RhPl 3 .!2KPl, which is anhydrous and 
crystallises fcadily from aqueous solution. Owing to this ready decom¬ 
position, potassium chlor-rlioditc cannot be prepared by simply mixing* 
potassium and rhodium chlorides in solution. 

When heated in dry hydrogenchloride gas. the water of crystallisa¬ 
tion is liberated without the formation of rhodium sesquioxide, and the 
salt is transformed, slowly at 5t(i(>° but rapidly at til) C ., into 
insoluble rhodium trichloride and potassium chloride. The latter may 
be dissolved awav with hot water. 

Sodium Hexacblor-rhodite, NnhU 6 . f Si U). is prepared by heat mg 

tincly divided rhodium and sodium chloride to redness in a current ot 
chlorine.® Plans 0 '“recommends heating the rhodium jn clftuVine, 
cool'iig. adding the alkali chloride,, and again heating in chlorine. 
There is then less danger of particles of rhodium remaining una*tacked. 

On extracting the product with water and evaporating,* the salt 
crystallises out. 

A more convenient method of preparation consists in warming 
sodium rhodium nitrite, StNaNO a .RIi(NO a ) a , with concentrated hydro¬ 
chloric acid. 7 The salt crystallises in garnet-red oetahedra, which 
cllloresce on exposure to air. They are soluble in water, but not 
in alcohol. The amount of water of crystallisation has been a matter 
of dispute. Berzelius found lHlf/). a* result agreeing with that of 
Leidie 8 obtained many years later. 

1 Duffour, Cdmpt. rend., 1012, 155 , 222. 

1 I’laus, Jkilrwji:, etc., ji. 21. 

s Drill io, Ann. ('him. Phil*., 1889, 17 , 257. 

* l-eiilit', Cowjd. rend., 1800, III, Hilt. 

s Berzelius, PvJtJ. AnnaUn. 1828, 13 , 437. 

* Claus, licilfilyt, etc., p. 70. 

’ Dridie, Compt. rend., 1800, III, 100. 

* Leidie, .tin. Chim. Plti/s., 1880, 17 , 257. See Claus, luc. cit., who found 24H,C; 



RHODIUM AND ITS COMPOUNDS t» 

Ammonium Hexachlor-rhodite, -(N T II 1 ) 3 Ph('l 0 . all^O, may ho^prc- 

poml by mixing solutions ol' rhodium trichloride and nmnioniuiy 
ch.oride, the latter in excess. On slow evaporation in the cold, long 
red needles crystallise out. 1 

The same salt is formed when ammonium rhodoehlornitrale, 
Hh(.'l 3 .:tNlI 4 ('].NlI,XO.,. is decomposed with water and allowed to 
stand. 2 In fact this is a better method of preparing the compound 
than the previous one. since there is no danger of its being contaminated 
with crystals of ammonium chloride 

Further, it is obtained on warming ammonium rhodium nitrile with 
concentrated hydrochloric acid. 3 It is readilv sojubh in water, but 
not in alcohol. The crystals do not ellloresee. Wli. a heated to 
glowing, metallic rhodium is left. According to Cluthier and 11 iit tlinger 4 
the salt may also be prepared by saturating an aqueous solution of 
potassium pcntaelilor-rhodite, KJtlit’l,. with hydrogen chloride, 
which effects the precipitation of most of the potassium chloride, and 
subsequently adding ammonium chloride. The salt separates on 
standing as dark red crystals.'' 

(ID i’cniMhiiir-rlwdilex, M 2 Hh( l 5 

Ammonium Pentach!or»rhodite,(NH 1 ) 2 Hh('l i .-This salt, associated 
with two molecules of water, was stated by (. laus to result on boiling 
a solution of ammonium beraehlor-rliodile. The nionohvdrnlcd salt B is 
prepared by concent rating a mixed solution of rhodium chloride and 
ammonium chloride in the theoretical quantities. It. separates out in 
dark red crystals. 

Cesium Pentachlor-rhodite.FsJthU;,. IIA) is obtained as a beauti¬ 
ful rose-coloured precipitate by eonei 'll rat mg ns’xed solutions of easium 
chloride and potassium pcntachlor-rhodilc. It is also prepared by 
concentrating a mixed solution of ea sium and rhodium chlorides in the 
requisite proportions. 7 

Potassium Pentachlor-rhodite, F.dthl b,, is obtain, d m the anhy¬ 
drous condition when liiicly divided rhodium is heated to redness with 
potassium chloride in a current o 'chlorine (ller/.elius). 

The mass is extracted with water and crystallised. Berzelius sug¬ 
gested the formula HhClj.ftKC'l.i.’IU). but Lcidie 8 was unable to confirm 
the presence of wafer. It seems probable, therefore, that Berzelius 
had obtained a mixture of salts.. 

Another method of preparing this salt consists in mixing solutions 
of rhodium trichloride and an excess of potassium chloride ; on allowing 
to crystallise, the anhydrous salt, K a Nh('l t . separates out in ortho¬ 
rhombic crystals, of reddish colour, but sf'ghtly soluble in water and 
insoluble in alcohol. 

also Thomson, Schwdggcr’a ,/., 1820, 47 , 02; Kieuend, J. ) mill. Plum., ISO 15 , 120) 
Gutbirr ( aml Hiittlinger ( her., 1008, 41 * 210) find I2U.O. 

1 Claus, Bdlrdgc, etc., p. 71 ; Kcfi relciii, Pugg. Annuli u. 18.10, 99 , 2S|. 

4 Acidic, loc. cil.; see also Wilm, '/.ditch, unurg. (.'hem., 1802, 2 , §1, 03. 

* Lcidie, Com/il. rend., 1800, in, 100. 

4 Guthier and Hull linger, Her., 1008, 41 , 210. 

1 Mcthylamine derivatives fetve been prepared. Yineent, Comgd. rend., 188.1, 101 , 
322; Friedel, Hid., p. 322. 

4 Gutbier and Hiittlinger, Her., 1008, 41 , 210. 

’ Gutbier and Hiittlinger, loc. cil. 

* Lcidie, Ann. Chim. Phya., 1880,17, 367. 



$0 . i^dBALT, lv # lbl£EL, AND IXEMBWOF GROUP 

Tbe dihydrate of this.saltj K 4 RhCl 6 .2lI 2 0, was stated by Clatft 1 
to be formed on adding potassium chloride to a solution of sodium 
elilor-rhodite. It'crystallises In small brown prisms which do riot 
ellloresec, and ane rather difficultly soluble tin water. 

The monohydrate, KjRh(l 5 .lI 2 0, is obtained on fusing spongy 
rhodium with twice fts weight of potassium chloride in a stream of 
chlorine. On cooling, the m^iss is extracted with wat^r, and the solution, 
evaporated under reduced pressure, deposits deep red crystals of the 
monohydrated salt. If the mother-liquors are now saturated with 
' hydrogen chloride to precipitate the excess of potassium chloride, and 
evaporated, dark r«(j» sparingly soluble crystals of potassium chlor» 
rhoditc, K.d’ht'lfl.till./), are. obtained. 2 t 

Rubidium Pentachlor-rhudite, Rb 2 ttht'l t .II 4 0, is ])repared in a 
similar manner to the etvsium salt (vide supra). It is formed as a red 
precipitate. * 

RHODIUM AND RROMINK 


Rhodium Tribromide, Ithiir,.—Rromine begins to act on finely 
divided rhodium at about 250° C , IniJ the product has an uncertain 
composition attributable to partial dissociation at the temperature of 
formation. Thus 3 : 

2llh -| :ilir 2 O- 2lthRr 3 . 

The dihydrate, KhHr.,.2l! 2 (), may be prepared by heating to SO’ to 
100 ,J t’. in a sealed tube spongy rhodium with 40 per cent, hydrobromic 
acid and a little bromine. 4 The product is distilled under diminished 
pressure to remove excess of hydrobromic acid, the residue diluted with 
water and concentrated* in vacuo over sulphuric acid, and finally over* 
fused potash. The crystals obtained are blackish red in colour, and 
very soluble in water. At 100° to 140° C. they lose water and hydrogen 
bromide. With potassium hydroxide solution a basic salt is precipi¬ 
tated, namely, Uh(01l) 2 Hr.2lI.,(), the solution containing potassium 
pentabromrhodile, K 2 HhRr t . Hy adding a slight excess of rhodium 
bromide solutions to those of alkali bromides, double salts are obtained. 4 
These have the general formula IUfBr 3 ,2MU,r or M 2 lthBr 6 , aiu).,,urc 
known as : 

l’nitabromrlwditrs or llhodopaitubrumidcs. t 

Ammonium Pentabromrhodite, (NH 4 ) s HhRr 6 , is conveniently pre¬ 
pared by precipitating potassium bromide from a solution of potassium 
pentabromrhodite by passing in hydrogen bromide. To the filtrate 
dilute ammonium Vromide solution 5 is added. On standing for several 
days the salt separates out,in blackish green crystals.* 

Caesium Pentabromrhodite, t s dt hlhy. vcsuSt s when a solution of the 
potassium salt is decomposed by addition of a concentrated solution of 
Ciesiuin bromide. 8 The salt separates out as a green precipitate. 

, Potassium Pentabromi'hodite, KjRhUr s . is obtained by heating 
finely divided rhodium with potassium bromide in a stream of bromine 

1 Claus, Beitrfige, etc., p. 72, 

il Seubcrt and Kobbo, tier., 1890 ,23,2360; Outbierand Huttlinger, jStr., 1908,41,210. 

1 (iutbier and lliittlingrr, Zciluch. anvrg. (.'hem., 1010 , 95 , -47. 

* Uoloubkiue, ljull. Sue. chim, Btlg., 1010, 24 , 388. 

- A concentrated solution of auuuouium brouiidc will not serve, probably because 
the rhodium derivative is soluble iu it. 

* Uutbiur and HUttliuger, tier., 11)08, 41 , 210. 



v.npour. On cooling, the mass is extracted with water, and the ftjtcre 
solution w<»ked for crystals. 1 Th.-e a>c obtained as small irregul* 
lei lifts, dark green in colour. 

Rubidium Pentabromrbodite, RbdthUr;,, lias Iu-.-n, prepared in a 
similar manner to the ea-sium sail. 1 It has a darker green colour than 
the last named. 

Sodium and Barium Pentabromrhodites have also been prepared.* 
RHODIUM AM) IODINE 

’ On adding a warm, concent rated solution o 1 ' pota-Mum iodide to 
one of rhodium bromide black precipitate of Rhodium Tri-iodide, 
ltlil,. is obtained.* Dilute solutions give no precipitate in the cold. 


RHODIUM AND OXYGEN 


At ordinary temperature oxygen has no action whatever upon 
rhodium, whether in the compact or the finely divided condition. Upon 
heating the finely divided metal in air oxygen is absorbed, the reaction 
being noticeable at tint)' ('. and proceeding with a. greatly accelerated 
velocity at higher tempera lures, as indicated in the following table' 1 : 


Ti'injirr.it ere. 

tit It) (’. 
700 ’ C'. 
800 ’ 
1000’C. 


Head ion velocity. 


1 

30 

70 

HO 


Analysis of the product obtained at high temperatures in air led 
both Berzelius and Wilm 1 to conclude that an oxide of composition 
represented by the formula RhO is produced; but Clause 5 adduced 
evidence in favour of the assumption ihat it is not a sep ite chemical 
entity, but a mixture of unoxidised n lal and its sesipdoxide. laddie 8 
in 1 .SS 0 repealed the experiments of former investigators, obtaining 
somewhat similar results. lie u : selv pointed out that these cannot be 
regarded as conclusive evidence either wav, anu for the present the 
existence of rhodium monoxide.must be regarded as uncertain. 

Tn-rhodium Teiroxide, Rh,0 4 , is obtained as a greyish black, 
amorphous powder on heating t^c hydrated sesipiioxide to redness . 7 

It is insoluble in acii^s and alkalies. Hydrogen reduces it to Ihe 
metal at dull red heat. . 

Rhodium Sesquioxide, Hh, 0 ; . results when rhodium is heated in 
air or oxygen between iiuo J ('. and I )()<)' ('. The rate of oxidation of 
the inctal increases rapidly'with the temperature. Above 1150" C. the 
oxide dissociates, metallic rhodium being obtained. The sesipiioxide is 
greyish black in colour . 8 

1 (ifitbier unit Hiittlingcr, /Jo-.. 1908, 41 , 210. 

* Stile. GolouMcmc, JSull. Bor. dim. Ihlg., Hilo. 24 , 3X8. 

* I luthier. Zeihch. n/torg. firm., llilii, 95 , 225. 

* Wilm, Her., ISS2, 15 , 2225. 

* Clau> Beilrilg". etc.. IS5t, p. (54. 

* Lciiiie, Ann. Chim. l‘hy*., ISs9, 17 ,.257. 

' Lci<lie, lor. cit. . * 

* (iiitbier, Hiittlinger, and Muiseh, Zriltd. anorg.Vhrm., 191(1, 95 , 225; «ec also 

Leiili/-, toe, cit. 


M COBALT, NICKEL, AND ELEMENTS OF PLATINUM GEOilP 

Hydrated Rhodium Sesquioxide, Rh A. 5ll 2 0, is precipitated frftm 
ytlubionsol'rhodium salts. Idr'example, rhodium trichloride,,'on addition 
of mil loo anal <a quantity flf potassium or sodium hydroxide. 'On 
aliouin;: to slapd the rcdnliquid deposits a rose-coloured precipitate 
consistii ilt ol the sesquioxide and some unaltered rhodium salt. The 
precipitate, however? Gradually loses its red colour, becoming yellow, 
and remains such after thorough washing. 1 

Obtained in the above' 1 manner rhodium sesquioxide is a yellow 
powder, and on being heated loses water anil oxygen, yielding a black 
powder, which Claus regarded as the anhydrous sesquioxide. but for 
which Loidie’s s analyses suggest the empirical formula Uh 3 () 4 . 

In the freshly precipitated condition rhodium sesquioxide dissolves 
in concentrated potassium hydroxide solution, from which it is precipi¬ 
tated again on dilution with water. If, however, chlorine is passed 
through the concentrated alkaline solution, a dark green precipitate of 
uncertain composition is formed, for which Claus suggested the formula 
ItleO.,. lth() 2 or Rh.,O r ,- 

The sesquioxide readily dissolves in acids, giving yellow, non- 
eryslallinc salts of herbal taste. 

Rhodium Dioxide, Hh<) 2 , results in-the anhydrous state on fusing a 
mixture of rhodium and potassium hydroxide and nitrate in a crucible 
heated to redness. The product is washed with water, then with 
hydrochloric acid, and finally dried at 100" C. in an inert gas such as 
carbon dioxide. Tt is a brown powder, insoluble in acids, in aqua regia, 
and even in boiling alkalies. 3 

Hydrated Rhodium Dioxide, RhOj/’HjO or Rh(OII).,, has been 
obtained in a variety of ways. 

(1) By passing chlofine into a solution of the freshly precipitated 
sesquioxide in concentrated potassihm hydroxide solid ion. 4 The react ion 
between I lie chlorine and potash causes the temperature to rise and the 
hydrated sesquioxide is precipitated, only to be oxidised by I he hypo¬ 
chlorite in sblutum to the dioxide. 

gKOll i Cl, - KC1 I KCIO -f-II 2 0 
KCIO + lth.lh, -JvCI -! allhOj. 

The precipitate is green, whilst the solution assumes a drop violet- 
blue colour, probably in consequence'of the production of »u„nlknli 
rhodale. 

(•_•) Rhodium salts may be oxidised direct y/ith alkali hypochlorites in 
alkaline solution to the dioxide. This has been effected with sodium 
chlor-vluiditc. 3 and with rhodium chloropurpurcoehloride.® 

(.‘5) A green anodic deposit of dioxide is formed by electrolysing a 
double oxalate of rhodium and'an alkali metal, or a double chloride 
in the presence of oxalic acid. 7 

1 rtnr.K, Hellrdtje :nr Chcmir tier FlalinmctaUe, 1854, p. 07. ' 

* r.eiitii-. Anti. Chivl. I'lifte., IS Sib 17 , 257. > , 

a ller/.eliiia (Sehweitjtjir'J ,/., ISIS, 23 , 285) ontained by this method a grey-green 
product. Clans [ 1> il/iejr stir Chemir dcr I’latinnuhille, 1851, p. 00) suggested that that 
colour was caused liv the presence of traces of iridium aa impurity in lierzrtins' metal. 
Using very pure ihoitium. Clausobtained n hro'vn product the analyses of which agreed 
well with the formula RhO, r 

4 Claus, J . prakt . (7irui., 1800, 80 , 282 ; lit ilrdge, etc., p. 08, 

5 Domaryay, Ctdnpl. rend., 1885. tot, 951. 

* Jorgensen, ,f. prtikl. CItetnl, 18S9. 27 , 440. 

7 July and Leslie, Compl. rend., 1891, 11 :, 794. 



KHOUIUJtt AflfU ITH tUMTOUfWffl 

.The dirfkido is insoluble in water, but dissolves in hydrochloric Qeid, 

yielding freechlorine and rhodium sesipiiehloride. • * 

■. The compounds K .(/.GlthO.,, Na,(>. sRhO.,. and Hat). l‘2lth(), ark 
obtained on heating to incipient redness the i envspc.nding double 
nitrites.' These are analogous to the cobalt it vs. ehnfniites, and man* 
ganites. and prove that rhodium dioxide van exen an aeidie action. 

Di-rhodium Pentoxide, Hh.,() a . was believed by Claus'- tube formed 
as a green preeipit.de on passing chlorine into a solution of the freshly 
precipitated sesipiio.xide in concentrated potash. 

Rhodium Trioxide, HhO.., separates out as a blue precipitate from 
t.he solution left after preparing the dioxide (as indicated in (1) above), 
on neutralising the alkali with nitric acid. It disatlw- in hydrochloric 
acid evolving chlorine, tie- trichloride remaining in solution : 

•->Kh<) : , f 1-2IKT ‘JHIiClj f Gild) ■ :HU. 

Sodium Rhodate, NaJlhO,. If the gases t voiced by the action of 
hydrochloric acid upon potassium chlorate are passed into a solution of 
a rhodium salt rendered alkaline with sodium hydroxide, the liquid 
assumes a yellowish red, then a red colour, and tin,ally a slight green 
precipitate forms. The latter dissolves, yielding a solution of blue 
colour known as Chntx's ll'ttr. ,.nd containing sodium rhodate. 

Sodium peroxide destroys the colour, ns do also potassium per¬ 
sulphate anil sulphur dioxide. 1 

lmODlTM AND SI ’ 1.1*111 Tit 

Rhodium Monosulphide, RhS. A product having an empirical 
composition corresponding to that required for rhodium monosulphide 
is produced : 

(1) When rhodium is heated to dull renness in sulphur vapour. 
Combination takes place with incandescciir. . When I lie reaction has 
subsided any excess of sulphur is removed by heating ii. a neutral gas 
such .as carbon dioxide. 1 

(2) 15y raising to white heat a mixture of sulphur and ammonium 
ehlor-rhoditr r ': and. 

If*!) Hv fusing finch .divided liiodium with iron pyrites. Treatment, 
with hydrochloric acid leaves black, crystalline scales of rhodium 
sulpiride." The sulphide may*also be produced in the wet nay by 
passing hydrogen sulphide into a solution of sodium elilor-rbodite, 
washing, and drying at* an elevated temperature in a neutral gas. 7 
Lcidie, 8 however, gives reasons for believing that t he v arious products 
obtained by the above methods are not simple cln mieal . n'ifks, blit, 
mixtures of rhodium and its scsquisulphidc 

Rhodium Sesquisulphide, bh,S.,. T.vo varieties of this sulphide arc 
known, differing soim vvhat’in their properties, yet apparently possessing 
the same chemical composition : 

x*f’oriV/i/.-This variety rthults from.“ dry " methods of prepara- 

1 J oly and Leidit'*, (\nnpt. nml., 1808, 27 , lo'»* 

2 Claus, B<itrii'jr, etc., 1854, p. 08. 

■* Alvarez. Chnn. N nr.s, 1005. 91 , 210. 

4 Bemdjus, Schweig/pr's «/., 1822, 34 , 22 . 

'• Vauquelin, Ann. ('him. Phy*.. 1813, 88 , 105. 

* Debray, Cowipt. rend., 1 883, 97 , 1333. 

T Keilenlterg, Poop. Annalrv. 1840. 50 , 01 . 

* !>irli«S Ann. Chi ft Phy *., 1880, 17 , 257. 




tjon, surh as heating rhodium trichloride, prepared at 44tJ° C., ia a 
tairrrnt of hydrogen sulphide fit. 3ti0° C. In carrying out the operation 
ft is essential that all the air.should be expdlled from ^fie apparatus 
before heating, and that the hydrogen sulphide be entirely free from 
water and hydrtigen chloride. The temperature during the course of 
the reaction should jiot exceed about 3S0° C., since at 400° C. the 
hydrogen sulphide partially dissociates, the hydrogen produced effecting 
the reduction of a portion yf the chloride to metallic' rhodium, which 
conlarninal es t he final product. For the same reason hydrogen sulphide 
free from intermixed hydrogen is essential, nyd is best obtained by the 
action of hydrochloric acid on antimony sulphide. The reaction 
proceeds only slowly*with rhodium trichloride prepared by the action 
of chlorine on the metal at dull redness * whilst ammonium chlor- 


rhodite gives unsatisfactory results, probably owing to the formation 
of alkali polvsulphides that tire volatdisable only with difficulty. 1 

As obtained in this way rhodium sesquisulphidc is a black, unctuous 
powder conserving the same crystalline form as the chloride from 
which it was prepared. It is not acted upon by acids, even aqua regia 
having no effect, llrominc and alkali sulphides are likewise without 
action on it. 


When heated in an inert gas the sesquisulphidc is stable up to 
above 500° C. At higher temperatures it loses sulphur, the resulting 
product varying in composition, but approaching that, required for the 
monosulphide, IUiS. There is good reason to believe, however, that 
the product is really a mixture and not a definite monosulphide, although 
it is extremely difficult, if not indeed impossible, to remove the whole 
of the sulphur by heat. When heated strongly in air or oxygen, oxides 
of sulphur and rhodium/ire produced. 

{i-varicUj, produced by “ wet. ”* methods. To this end a rhodium 
salt, such as the trichloride, is decomposed by passing a current of 
hydrogen sulphide through its solution, which is then raised to 
and maintained at 100 ° C. Insufficient, hydrogen sulphide should lie 
added to precipitate the whole if the metal in the first case, since a 
sulphydrate, Rh 2 S. l .3lf 2 S, is formed, and this gradually decomposes 
at the higher temperature, the excess of metal in solution being nre- 
.ci pi tilted by the hydrogen sulphide thereby liberated . 1 

Prepared in this manner, rhodium sesquisulphidc is a black powder, 
insoluble in alkali sulphides, as also in nitric and hydrochloric acids, 
and even aqua regia at 100 ° C, Moist, air is without action on it, as 
also is bromine. 1 

Rhodium Hydrogen Sulphide, Rhodium Sulphydrate, Rh r S 3 .3lI 3 S. 
—When hydrogen sulphide is passed in excess into a solution of a rhodium 
salt, the sulphydrate, Rb^j.SHjS, is formed as a black precipitate, 
slowly in the cold, rapidly on boiling. In the cold complete precipita¬ 
tion, particularly in the presence of excess of acid, may take several 
.months. 1 ' Hut given suHioicnt time for, precipitation, whether in the 
cold or on boiling, the reaction is quantitative and the liquid befcomes 
colourless. If only the theoretical quantity, of hydrogen sulphide is 
Padded to precipitate the rhodium in solution, the same sulphydrate 
appears first to form, and to decompose, very “lowly in the cold , 2 more 


1 beidie. Inc. cit. 

* Even nftor several days IibMu 1 found the precipitate to have the empirioaleomposi- 
tlon approximately represented by the formula. llh ( 8 a .2H t S or 2Rh,S,.3U i S. 


rapidly on prolonged boiling, yielding the normal sesquisulphide, thj 
hydrogen si^iphide set free during decomposition effecting the prce-Tpitij-' 
ti>' n of the remaining "liodiuni. . r> 

The same series of reactions appears to take place when the rhodium : 
salt is in excess. 1 

Double Sulphides, llh 2 S a .3M 2 S.■ When a ueutral rhodium salt, 
such as an alkal* ehlor-rhodite, is mixed with excels of an alkali sulphide, 
a precipitate is obtaired which, on analysis, is found to contain a good ' 
deal of alkali sulphide. This suggests that a double sulphide has been 
formed. The precipitate, however, is stable only in the presence of • 
‘■xeess of alkali sulphide, water rapidly decomposing it. so that direct 
isolation of the pure eonmound is not possible, By indirect physical ; 
methods, however, for details of which the reader is advised to consult, 
the original memoir, 1 l.eidie Inis obtained evidence of the existence of ■ 
Hh.jSj.nNa.jS, and apparently the corresponding potassium derivative ; 
is capable of existence. 

Rhodium Sulphite, Hh. a (SO.,) ; ,.Oil,f), is obtained as a white crystal¬ 
line- mass im dissolving freshly precipitated rhodium sesquioxide in 
sulphurous ae-iel. On eoneentration the- crystals separate out, anel arc 
washed with alcohol, in whh-h ‘hey are- insoluble. Itlioelinm sulphite is . 
fairly stable, hut evolves sulphur elieixiele- mi he-aling, leaving u residue 
of scsqiiieixielc. With sulphites of the alkali metals, double salts are 
forme-el. 2 

Rhodium Sulphate, Rh^SO,).,. may he prepared by dissolving the' 
sesquioxide- in sulphuric aeiel. anel evaporating the solution lei a syrupy 
cemsistcnce- eivcr a llanie-, finally expelling the- e-xe-e-ss of .sulphuric acid 
at a temperature not exeee-eling HO" C. Obtained ill this way, rhodium 
sulphate- is a hrie-k-ve-el peiweler, which is neil hygroseopie-. It is not 
very soluble in water, by excess of which it is decomposed. When 
lie-ate-el to 500" it be gins to eleeeiuipose. 1 

Basic Rhodium Sulphate. Whe n the neutral rhoelium suljilmte is 
boiled with excess e>f weite-r until the: wash waters are u .i appreeialily 
ce)loure*el. anel e-case- to he ae-iel towards inelieateirs, a citron-yellow 
powele-r is obtained, insoluble in wate r. This is a basic sulphate, fen 
wle-edi the formula. Rh.t^.llhJSO^)., is given by I.e-ielie'-. 1 

Sodiuln Rhodium Sulphate, Nii i( SO l .ltli 2 (SO. l ) 3 , was first prepared 
by Bunsen' 1 by heating sodiufn rhoelium sulphite with eoneeii: rated 
sulphuric eieiei. This salt was regarded by Seuberl and Kobbe- ’ as an 
nnliyelrous rhodium aluqp. Since then, however, true rheielium alums 
have been obtained. 

Rhodium Alums, M,SO, l .Kh,{S0 4 )3.2tII, ! 0 

Rhoelium sulphate, like* its analogue's the siilplinte-s of e-obalt and 
iridium, yields stable salts*with stilphietes of the alkali metals known 
as alums. These are well-defined crystalline salts, isomorjil->us with 
the 1 litter known iron and aluminium alums. They thus form an 
interesting link between these metals and the central,vertical col a inn 
in Greiup VIII, of jvhieh rhodium is the middle member. These alums 

1 Tsiidv, Ann. dim. Phya* 1880, 17 , 257. 

* Freimy, /tnn. Chim. J'hy*., 1855, 44 , 899; Bunsen, Atimilm, 1868, 146 , 200 ; Sen hot 
anel KoW, Her., 1890, 23 , 2560. 

* Bunsen, Annnlcn, 1868, 146 , 263. 

* Scubert ami Kobbe 1 , Ber., 1890, 23 , 9600. 
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are obtained when n solution of rhodium sesquioxide in sulphuric aeid 
fs milled to on iilk.ili sulpfmte <und allowed to crystallise. is essential 
tVtl excess of acid lie present. »mihI not more tiian about, two-thirds|of 
the theoretical quantity oi alkali sulphate. 1 The temperature must 
not, lie allowed to rise too hit'll. 

Caesium Rhodium Alum, t's. i! S() 1 .Rh i! (S() 4 ) 3 .2-UI a O, is the most 
readily prepared of all the rhodium alums on aeeouqjt of its sparing 
solubility in cold water. The salt crystallises in small yellow oetahedra 
which melt at HO’ to 111' 1 V. to a yellowish red liquid. When warmed 
in a desiccator it loses water, remaining yellow at 100° C., becoming 
yellowish rod at 150" to 1 SO' and brown up to 250° C., when it ig 

almost entirely anhydrous. 

This alum is of interest inasmuch as its formation renders it easy 
to separate rhodium from iridium. The sulphates of the metals, 
dissolved in acidulated, water, are treated with caesium sulphate and 
evaporated. The rhodium alum crystallises out in a pure state, entirely 
free from iridium. 1 

Rubidium Rhodium Alum, Rb.SO,,. RU._(S0 4 ) 3 .2tII. i ,0, yields stable 
yellow crystals which melt at 108' to 100' C. to a bright red liquid. 1 
The crystals belong to the regular system and exhibit a eonchoidal 
fracture. 

Potassium Rhodium Alum, K s S0,.Rli.,(S0 4 ).,.24lI s 0, can only be 
obtained in a crystalline stale by allowing the solution to stand for a 
prolonged period at a temperature not exceeding 5° C. At higher 
temperatures^ syrupy, unerystallisable liquid results. 1 

The crystals are light, brown in colour, stable in air, but exceedingly 
soluble in water. 

Ammonium Rhodium Alum, (NlI 4 ) 2 S0 1 .Hh,(S0 1 ).,.2tII. ! 0, yields 
orange-yellow crystals, readily soluble in water, although less so than 
the potassium salt.. It readily yields large crystals. These are stable 
in air, melting at 102’ to 1 ().'!’ ('. to a brownish red liquid. When heated 
to redness, a'inmpnia and sulphuric aeid are expelled, leaving a residue 
of rhodium, eonlaminated with sulphate. The last named is not 
completely removed, even on reheating with ammonium carbonate. 1 

Thallium Rhodium Alum, TLSOr,. Rh.,(S<2HU), is somewhat 
difficult to prepare, partly on account of the small solubility of tbullous 
sulphi te. The alum is very soluble-in wafer, and not altogether 
permanent in air, becoming converted into a whitish powder on 
prolonged exposure. 1 , , 


‘ ‘ RHODIUM AND NITROGEN 

Rhodium Nitrite is not known, but double salts have been prepared. 

HhodinitriU'x, M 3 Rh(N0 2 ) 4 

Potassium Rhodinitrite, Potassium Rhodium Nitrite, K 3 Rh(N0 4 ), 
or »KNO,.llh(NO.,).,. An acidified solution of rhodium chloride or the 
double potassium rhodium chloride, containing not more than 5 grams 
of rhodium per litre, is raised to boiling, and successive small additions 
of potassium nitrite added until the solution is blenched and a slight 
turbidity is pnvlgocd. On cooling, the anhydrous potassium rhodium 

1 P'joini and Marino, Zeitech. anonj. Chem. % 1901, 27 , 62, 
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nitrite 1 crystallises out, and may he dried at 10.5° C. The crystals' nrg 
white, almc^t insoluble in cold water, quite insoluble in alcohol. 0 $ 
w’.-ruling with concent rated hydrochloric acid it yields potassium hexn- 
ciilor-rhodite. K.,RhCI 0 .311.^0. The insolubility of potassium rhodium 
nitrite may be made use of in the preparation >f pure rhodium, as 
well as for its quantitative estimation. Whew heated to incipient 
redness until evolution of {fas ceases, the product. K.O.fiHhO.,. is 
obtained . 2 • 

Sodium Rhodinitrite, Xa 3 Hh(NO. i ,) s . is obtained in an analogous 
manner to the potassium salt, the original chloride solution containing 
chotit to {rrams of rhodium per litre . 1 After adding the nitrite m 
equal volume of alcohol is^added. which effects tITe precipitation of tlie 
salt, which may be reeryslallised from water. 

Sodium rhodinitrite dissolves in tit, times its wei{jbt of water at 
17° C\, and in one part of boiling water. It is thus considerably more 
soluble than its potassium analogue. Its solution, however, does not 
{five the reactions for rhodium, which suggests that it is a rhodinitrite, 
Xa : ,Rh(XO,analogous to potassium eohaltinitrite. 

Hydrogen sulphide slowly precipitates from solution rhodium 
sulphide. Mineral acids attack if. slowly in the cold, rapidly on 
warming. Warm hydrochloric acid converts it into sodium ehlor- 
rhodite (ride supra). Xa.,ltht'l„. l.SllT). When healed to incipie nt 
redness until evolution of gas ceases, the compound Na.,(). sRhOj if 
obtained. 

Ammonium Rhodinitrite, (XII 1 ). ) llli(NO. ii ) 6 . is bestobj lined by add¬ 
ing ammonium chloride to a solution of the sodium salt . 1 With warm 
hydrochlmicacid it yields ammonium ehlor-rhodite. (XIl.,). ) |{b('l„.:jII .,0 

The Barium Salt, Hu.Hli J {X() a ),._,. 1211,0. has also been prepared ir 
an analogous manner to the sodium and potassium salts. It separates 
in some what bulky white- crystals, which aie soluble in water to tin 
extent of one part in 50 of wate r at Hi’’ ('. and one part in 0-5 e>f watei 
at the boiling-point. The crystals have no action on polarised light 
With hydrochloric acid a mixture of barium and rhodium chlorides i; 
obtained, and, by precipitating the barium with sulphuric acid, rhodiun 
clilqfjdc can be obtained epiite bee from alkali chlorides . 1 

Rhodium Nitrate, Rh(XO.,) ;) .2lI.,0, is prepared by elissolviiq 
rhodium sesepiioxide in nitric al-id. On concentration it sepnrat. s as r 
deep yellow hygroscopic salt, readily soluble in water, but not ir 
alcohol. With nitrates yf the alkali me tals double salts are formed. 

Rhodium Uranylnitrate, Uh(\O.,). 1 .t T O. i (X0. l ),,.5n/), has beer 
obtained as'orange leaflets which leese half of their combmed watei 
when kept ill vacuo . 3 

Rhodium Ammopium .Chlornwrate or Ammonium Rhodichlor* 
nitrate, Riit'l 3 .3X11*01.NII 4 X0 3 .or (NII, 1 ).,lth('l s (NH 4 )XO, 1 , may hr 
obtained by adding a considerable excess of ammonium chloride and 
some nitric acid to a strongly acid solntiop of rhodium trichloride . 4 It 
max ; ds° be prepared by addition e>f ammemium nitrate to an ;*cid 
solution of ammonium chlor-rhodite. * 

On evaporation in a warm place the salt crystallises out in reddish 
• * 

1 Leidio, Compl. rend., 1890; IIJ » 10G ; Hull. Rue. chim.. 1891. a. 809. 

1 Joly and Leidio, Compt. rend 1898, 27 , 103. 

* La no ten, Che m. Zentr., 1912, 1, 208. 

4 Lcidie, Ann. Chim. Phys. f 1889, 17 , 257. 
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violet scales, resembling.ehromium trichloride. It was apparently first 
pre|1hrrd hy Claus as the result of crystallisin'!a solution <jf ammonium 
clilor-rhoditc in nitric acid, (tlaus, however, (nought it was simply/thc 
ehlor-rhodile in a second drystalline forny Wilm 1 obtained the "same 
salt, but overlooked its nitrate content, jegarding it as a new double 
chloride, until Leidie* drew attention to it. a 

Ammonium rhodoclilornitratc may be dried at. 100-105° C. without 
decomposition. It is very soluble in water, being "decomposed by the 
same. The solution on standing deposits crystals of ammonium eldor- 
rhodite, and this is a useful method of preparing the latter salt free 
from excess of amujonium chloride. The rhodoclilornitratc is stable isi 
solution or in the presence of aqua regia. Jt is but slightly soluble in 
nitric acid. 

The formation of this salt. Leidie points out, may be taken advantage 
ol in separating rhodium from other metals accompanying it during 
the treatment of platinum ores. 


RHODIUM, PHOSPHORUS, AND ARSENIC 

No definite phosphide of rhodium is known, although by reduction 
of rhodium basic phosphate with hydrogen, Claus obtained an indefinite 
mixture, possibly consisting of free metal associated with some phosphide. 

On heating to dull redness a mixture of finely divided rhodium and 
phosphoric acid, a phosphate is obtained which is soluble in water, 3 
whilst a basiir phosphate results on treating rhodium sesquioxide with 
phosphoric acid. 

An arsenide of rhodium appears to be formed on fusing the two 
elements together.* but ft has not been definitely isolated. 

RHODIUM AND CARRON 

No definite carbide of rhodium is known, although when heated in 
the electric furnace in contact with carbon, rhodium dissolves some of 
the last named, the amount varying according to circumstances, ns 
much as 7-.TS per eei'd. being absorbed in live minutes with..a current 
of hit) amperes and 50 volts. The presence of carbon renders the metal 
less malleable. When heated in chlorine the carbon is deposited from 
the mixture as graphite. 5 

Rhodium Cyanide, llh(CN).,. is obtained b‘y decomposing potassium 
rhodieyanide w it It, acetic acid, when it is precipitated as a red powder. 
•It is soluble in potassium cyanide, and on heating to redness decomposes, 
yielding metallic rhodium. .Acids attack it only with dillieultv. 6 

Potassium Rhodieyanide, K a Rh(CN)„ u'jay be obtained by heating 
ammonium clilor-rhoditc with a slight excess ol; potassium cyanide to 
the fusion-point for ten to fifteen niiiml.es, 7 extraction of the melt with 
boiling water, and subsequent evaporation. 

r 

1 Wilm, Her., ISS3, 1(5, 3033, 3039. 

* Wilm, Zcil*ch. anorg. (7iem„. |S92, 2 , 51. 

1 Fischer, Potto. Annalen, 1330, 18 , 257.' 

* Wollaston, Phil. Tram., 1829, 119 , 1 . 

5 Mo/Xsnn, Comul. rani., 1898, 123, It!. 

* Martius, Ih.i/erlalion, Gottingen, I860. ]>. 33. 

'.tjtJftua, Ihitrdgc zur Vhcmie d.cr PlutinnutaHe, 1854, p. 98. 
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It may'also be conveniently prepared bv diluting with water a 
saturated sqjution of recently precipitated rhodium sesquioxkWt in' 
25 |o 30 per cent. potash'until a precipitate begins to (form, and pnuriiiff 
the whole into excess of a 20 to 25 per eejt. solution of hydrocyanic 
acid. After standing some time out of eontaet with dir, the liquid is 
filtered and evaporated in vacuo.' 1 The crystal* separating out arc 
isomorphous witji those of the corresponding ferri-, eobalti- and iridi- 
cyanides. They possess similar optical properties and crystallographic 
angles. 

When boiled with concentrated acetic acid, rhodium cyanide is 
j*recipitatod, hydrogen cyanide escaping. Since the corresponding 
iridicyanide is not affected by similar treatment,‘this afo-ds a useful 
method of separating rhodium from iridium. 

Like the analogous ferri- and cobalti-eyanides it is decomposed by 
potassium hydroxide, and also by concentrate^ hydrochloric acid, in 
the latter case with evolution of hydrocyanic acid. With certain 
metallic salts it yields characteristic precipitates. Thus, with ferrous 
salts a white precipitate is obtained ; with ferric, a bright yellow. 


Detection and Estimation of Rhodium.— See Chapter X. 
1 L'idii', Compt. rani., 1900, 130 , S7. 



CIIAPTKH VI 

PALLADIUM AND ITS COMPOUNDS 

PALLADIUM 

Symbol* Pd. Atomic weight, 100-7 (O - 10) 

Occurrence and History. Palladium occurs native along with platinum 
in Brazil, 1 St. Domingo, and the Urals It is also found alloyed with 
gold as the mineral pntpmih’, the name being derived from Porpez in 
Brazil. Of this alloy the following may be taken as a typical analysis 2 : 

Palladium.8 121 per cent. 

Gold.01-00 

Silver., . trace 

Iron 

Density ..... 15-73 

The above propoitions of palladium and gold correspond to the 
formula 1’dAy,,. A natural sole aide of palladium, Ku^nirnilr or xclcn- 
\)iill(i<liinn, has been described 3 * as a silver-while, hard, crystalline alloy, 
which can be readily melted. 

An important source vif palladium is the nickeliferous ore of Sudbury, 
Ontario, from the matte of which H is isolated. 

Palladium was discovered by Wollaston, 1 and so named from the 
planet Pallas that had been discovered by his friend Olbers in 1802. 
Its presence‘'in Ihe sun's photosphere has been demonstrated spectro¬ 
scopically, 5 and it has been I'outuf in a meteorite. 6 

Preparation. -Metallic palladium is obtained by reduction of its 
salts. To this end pmmonium ehlot-palladik', (Nil,) 2 1\U'I,, is^*ery 
suitable. Upon ignition in hydrogen, ammonium chloride aiuMiydrogen 
chloride volatilise, leaving the metal Behind in a porous, spongy con¬ 
dition. In order to avoid occlusion of hydrogen the metal may be 
cooled in a current of carbon dioxide. • , 

If the metal is required in a compact form, it may be fused in the 
oxyhytlrogn llante, or simply raised to bright red heat and welded 
under pressure. 

Several methods of separating palladia ip from the platinum metals 
are given in Chapter X. Of these an •interesting one consists in 
precipitating the metal as iodide by addition of potassium iodide 7 to a 
solution containing n soluble, palladium-salt. To obtain the free, metal 

1 Soe Hussak, CVicm. Zentr 1905, ii, 107. 

* Senmon, Chan. News, 1882, 46 , 210. , 

3 Ztnkcii, Poyg. Annahn, 1829, 16 , 491 ; Chini. Phy*., 1830, 44 , 206. 

* Wollaston, Phil. Trans., 1S04, p. 419; 1805, p. 310. 

6 Sco Lockyer, Compt. rend., 1878, 86, 311. 

6 Trottarolli, GtfzstWa, 1890, 20 , 011. 

7 Addition of freshly precipitated silver iodide instead of potassium iodide is rccom- 
pw>ndcd bv Orloflf, /'hem. Ziit., 1900, 30 , 714.4 
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the iodide's ignited in air, tlie last traces of iodine being removed by 
heating in 14 current of hydrogen. By 4 his method Bunsen 1 isiflnted 
pi^e palladium from n-Adues from the Russian Mint at I'etrograd, tlit 
residues containing a mixture of all the platinum metals. A convenient 
method consists in precipitating palladium from solution as palladoiis 
cyanide by addition of mercuric cyanide. Palladnus cyanide is insoluble 
in water and in dilute aeids, and is the only evanide of the platinum 
metals that can la?thrown out in this maiyicr. Upon ignition the salt 
decomposes, leaving a residue of metallic palladium. 

Palladium may he obtained from porpesite or palladium-gold by 
tusion of the latter with silver, and digestion after granulation with 
dilute nitric acid. This effects tile solution of •tfie silver and palla¬ 
dium, metallic gold being left, behind as residue. Addition of sodium 
chloride to the filtered solution precipitates the silver as chloride, and 
metallic palladium is obtained from the liquid by addition of metallic 
zinc. 

Metallic palladium may also be prepared by precipitation from 
solutions of its salts with reducing agents such as formic acid or even 
strips of metallic zinc. It is thrown out. in the lincly divided condition, 
and may he rendered compact, fit her by fusion or welding, us indicated 
above. 

Pure Palladium may be prepared from the commercial foil 2 by 
dissolving in aqua regia and evaporating to dryness. The iliehloride 
thus obtained is dissolved in water acidulated with hydrochloric acid, 
and the tillered solution treated with ammonia on the waier-balh unlit 
the precipitate first formed.has redissolved, l-'iltratiou removes iron, 
etc., tint traces of copper may still remain, colouring tin solution blue.. 
To effect its removal, pure hydrogen chloride is passed into the solution, 
whereby the di-ammoniato or paliadusanuiiiiir, 1M( I 2 .‘. , NH. 1 , is precipi¬ 
tated. This is washed, redissolved in ammonia, and repiceipitutcd. By 
repeating this several times, all truces of iron, rhodium, copper, etc., arc 
removed. The pure di-ammoniato is now reduced ! ignition in 
hydrogen. 

If traces of gold are suspected, the metal is now dissolved in aqua 
regh^ repealcdly evaporated with hydrochloric acid to expel nitric 
acid, and the chloride dissolved in dilute hydrochloric acid. Pure 
sulphur dioxide is passed throftgh the solution, and the whole allowed 
to stand. If there is no precipitate, gold is absent. When such is the 
ease tlie chloride is concerted into the di-aninnmiate and reduced to 
the pure metal. 

Physical Varieties of Palladium. Palladium nay be,prepined in 
several different physical states, namely, as the ordinary com pact 
metal, as colloidal metal, a; palladium sponge, and finally as palladium 
black. Of these, the^ast mimed is not pure palladium, hut an indefinite 
mixture in a state of very fine division. Each of these varieties has its 
own peculiar physical characteristics. ( 

Physical Properties of Compact Palladium. .Palladium is a silycr- 

whitc metal, somewhat less ductile than platinum, •but of equal or 
slightly greater h&rdncss. It can be hammered into thin plates and 
drawn out into ine wire. It softens before reaching its melting-point, 
and can be welded below J50U° C. Its density is variously given, 

1 Bunsen, Phil. Mag., 1808, 36 , 

* Ktiser and Breed* Amer. C'/iem. J., 1 SOI, tfi 20. 
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dependin'' upon its physical condition, the values ranging *frcm ll, 1 
1*1-Wiit 22-5" l'. 2 to l] !)/ 3 at .0° C. Hardness, 4-5 to 5. # 

* Palladium melt* at 1519-2° ( •* and boils at Approximately 2540'’£. 
It can be distilled in the I'leetric furnace. 5 It is less volatile than 
iridium, but mod 1 so than platinum. 8 Its coefficient, of linear expan¬ 
sion with rise of temperature is 0 0' , 1170* between 0° and 100° C . 7 ; 
its specific heat between the same temperatures is, 0-05928, 8 and 
between 0° and 1300° C. the value may be calculated from the 

equation 9 : 

Specific. Ileat = 0-0582 -j- O-fJO'HHtM. 

Molten palladiuifi'absorbs carbon, but on solidifying the latter 
clement, is throwui out, in the crystalline fornf as graphite. 

The most intense lilies in the spectrum of palladium are as follow 10 ; 

Are: 3028-05, 3005-41, 3114-19, 3302-28, 3373-21, 3401-73, 
3121-42, 3400-93, 3481-31, 3517-08, 8553-24, 3009-71, 3031-85, 
3090-49, 3894-33, 3958-79, 4213-11, 5103-99, 5295-83, 5395-47, 
5543-04, 5070-28, 0784-80. 

Spark: 2770-95, 2854-70, 3404-80, 3421-41, 3481-34, 3517-11, 
3553-21, 3009-70, 3034-83, 3894-F9, 4213-10. 

Permeability to Hydrogen.—Hydrogen readily diffuses through 
palladium at temperatures ranging from 240° C. upwards. Graham 11 
illustrated this by means of a palladium tube composed of metal 1 mm. 
in thickness, the tube measuring 115 mm. in length and 12 mm. in 
internal diameter. It was closed by plates of platinum soldered at 
both ends, one of the plates being perforated by a long narrow tube of 
platinum, by which the cavity of the palladium tube could be exhausted 
of air. Tlie tube remained air-tight when exhausted, both at. the 
ordinary temperature, at, 200 l’., and at a temperature verging on low 
redness, the external gas being air. When, however, the external gas 
was hydrogev, although no gas appeared to pass through at 100’ (’.. 
hydrogen begun 'to appear at 214’' and more rapidly at 205° ('., 
namely, at the rate of 327 e.e. per square metre per minute. At just 
short of redness the rate increased to jp23 e.e. 

With coal-gas as* external atmosphere GTaham found Jluv^thc 
penetration begun at about the same temperature, but the penetrating 
gas appeared to be perfectly pure hydrogen, mid contained no tiTiee of 
hydrocarbons. This was confirmed by Ramsay. 12 . Clearly it should be 

• , ' 

1 Keiacr aiul .lUwil, tor. cit. 

9 DcviUt- a;vl IVbray, .‘Inn. Chim. Phys., IS t), [iii], 56 , 413. 

3 Viollo.Vumjif. rend., 1H78, 87 , list ; 1879, 89 , 702. 

* 1 lay unit iSosman, Annr. J. up., ltllp, [v], 29 , 93. Tim constant volume nitrogen 

thermonictric scalp was used. Other values obtained arc 153.V' 1540 0.,and 15410C. 

(liolborn and Itcnuing, Sitzunysher. K. Aknd. ll'faat Btrlift, 1905, p. 311), 1587“ C. 
(ilolborn tyul Wien, It’to/. .1 nmi/rn, 1895. [iij, 56 , 300), 1500“ C.*( Vi.,lie, he. cit.). 

I Moissan, Cum pi. rend., 1900, 142 , 189. 

* Crookes, Proc, Hoy. H>oc., 1911-’12, A, 86 , 401. See Huberts, Phil. May., 1913, 25 , 
270! 

' Fizeau, Compl."rend., 1809, 68 , 1125. 

“ Kegnault, Ann. Chim. Phys., 1840, |ii], 73.,47. 

9 Violle, tor. cit. . , 

" Kxner and Htvschek, Pie Spcltrcn dcr Elancnte bci normalem Druck (Leipzig and 
Wien, 1911). . , * ■ 

II (.valium, Phil. Trm*., 1 Still,. 156 , 399. 

19 llamsay, Phil. 1894, 38 , 2UG. 
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possible'to test the percentage of hvdiogen ir coal-gas by this mwuts.* 
if the other 'constituents, as appears to bf the ease, are unable to pas-f 
♦hrtu^'h. The apparatus', however, will'not retain its' activity for very 
lime; it is necessary to wash the eoal gas fvi*h a sol n< ion of perman¬ 
ganate in order to free it Iron,! sulphur compounds, since otherwise the 
palladium becomes coated with an impermeable layer of sulphide. 
Cyanogen, ether vapour, and marsh gas appear ipiile unable to pass 
through palladium. 

Kanisay found that in all eases the partial pressure of the hydrogen 
which has diffused from outside into the interior of a palladium lube 
i' lower than the pressure of the surrounding hydrom n no matter 
what inert gas is present within; although with nitrogen the dis¬ 
crepancy is at its maximum. 

In order to explain the passage of hydrogen through palladium, 
ltamsay suggested that the gaseous moleeule is split or dissoeialed, 
although he did not make it clear how such a change would facilitate 
the diffusion. The following year lloitsema 1 came to precisely the 
same eoimhision for temperatures above 100 ' ('., and this was supported 
by Winkclmann," who found that, the quantity of hydrogen gas passing 
through a palladium septum does not diminish proportionally to the 
pressure, but that on the assumption that the hydrogen dissociates, 
and that the quantity of gas diffusing is proportional to tin pressure 
of the dissociated molecules, an expression can be obtained which gives 
with reasonable accuracy the relation between the pressure in tin 
apparatus and the quantity of gas diffusing. 

The pressure-time curves, representing the diffusion of hydrogen 
through palladium at temperatures ranging from 100 to 300" ('. under 
pressures of 700 to 100 mm. consist of two portions, which, it is eon- 
eluded, 3 correspond to the existence of two allotmpic modifications of 
palladium. Generally speaking the rate of diltusion is proportional to 
the pressure of the gas. Below 100 mm. diffusion takes place more 
slowly, and the foregoing proportionality ceases to exist. The rale of 
diffusion under these conditions is apparently not related to any simple 
function of the pressure. 

0c’i|»ton of Gases, "allodium possesses to :■ remarkable degree 
the powerfif absorbing or orclmling certain gases, the actual extent of 
the absorption depending upon the physical condition of the metal. 
The term occlusion was lirst used by Graham in I Stilt ’ to signify the 
absorption or shutting up yf gases' in solid substances. 

Of all gases the most readily absorbed is hydrogen, and .o tins full 
reference is made below. 

Both oxygen and carbon monoxalo are absorbed bv palladium 
black, the former presumably converting the metal into the monoxide, 
IMO, whilst the lattei yields a carious substance which begins to 
decompose at ‘250° C. 

Ilelipm is not readily absorbed by palladium, a fact that enables 
admix*d hydrogen to be readily' separated from it . 6 

1 H'dlsema, Ztilsrh. jdiyiiknh ('hnn .. ISO;". 17 , !. 

2 Winkclmann, Ann. Physik, 1901, |i\j, 6 . 104 ; 11)05, 16 . 775. <*ontia>t Neluuidl, 
ibid., 190-1, if, 747 ; Richardson */Vor. Camb. Phil. Hoc., 1905. 13 , !' 

3 Holt, Proc. Hoy. Hoc., 1915, a, 9i f# l48.* 

4 Graham, Phil. Trans., 1806, p. 399. 

0 * Ramsav, Collie, and Travers, Trans. Chan. Hoc., 1890, 07 , 014 ; ^riiden, Proc - Hoy. 

Soc., 1896,59,218. 1 

voi. # ix : 
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Occlusion of Hydrpgen. Palladium possesses to a remarkable 
extent lhe power of absorbing or occluding hydrogen, ijnd numerous 
re.vjirelies have keen carried out by diffcrentlinvestigators with a fiew 
(o dclerminingp lie eonditfon of the ocelyded gas, and the influence it 
has upon the properties of palladium. 

The absorption itf hydrogen by palladium foil is readily shown 1 by 
passing an electric current through acidulated water,.using a platinum 
anode, but a plate of pallfidiiun, just previously lioatcd to redness, as 
cathode. I5y using a narrow, vertical glass cell an image of the appa¬ 
ratus may he thrown on to a screen. Oxvgvn gas is evolved from the 
anode, but. no gas f volution appears at the cathode, until the palladium 
has become saturated with gas, after which point hydrogen is evolved. 3 

The first detailed researches on the subject are those of Graham, 3 
who experimented with thin palladium foil, lie observed that, palla¬ 
dium which has been ignited in vacuo absorbs large quantities of 
hydrogen at ordinary temperatures, rapidly yielding a large portion of 
the gas up again upon being placed in a vacuum, and slowly yielding it. 
when exposed to air. The gas is rapidly and almost completely evolved 
in vacuo at. 100" U. 4 In experiments in which the foil was heated in 
hydrogen and allowed to cool in the gas, the metal absorbed (iltt times 
its own volume of hydrogen, whilst in later experiments 6 palladium 
wires absorbed over 000 times their volume of hydrogen. The occluded 
hydrogen was termed bv Graham hi/ilrooaiittin. 

At its melting-point, molten palladium absorbs less hydrogen than 
the solid nicp.il, and consequently there is no “ spitting ” on solidification 
in an atmosphere of hydrogen. 6 

Sicvcrts has studied the absorption of hydrogen from I .'is to 8-1 (’. 
and with varying pressures of gas ranging from 1 mm. to 7110 mm. lie 
observed that the amount of hydrogen absorbed per unit weight of 
palladium is nearly proportional to the square root, of the hydrogen 
pressure. 

The experimental results may be expressed by the equation : 

h, /'•, P k T 

in which 1.,. is the quantity of hvd.ogen alriorbed at pressure^'), and 
A',. Iv. are constants depending upon the temperature. 

The expression is taken to represent that hydrogen moleiyiles are 
in equilibrium with hydrogen atoms both in solution in the palladium 
and in the gaseous phase. Henry’s Law,appears to hold both for 
molecules end for atoms. 

lira, 1 .'.: n showed that the density of palladium during hydrogenation 
undergoes a change, becoming considerably less, the volume of the 
whole undergoing appreciable expansion. In an experiment, with 
palladium wire, which was made to absorb tviti times its volume of 
hydrogen, the density fell from I'JtiS to 11-70, fit an which the density 
of the hydrogenium was estimated to be 1-708. 

1 Now tli, ( 7» fiftiesl lecture P.ryirinu nt* (Lonmnans, l WO). 

3 Thoiuu (Ziil.tt'h. fthysiktil. (.'him,. 1SS0, 3, 00) has shown that palladium may oven 
ho supersaturated with hydrogen whon charged electrically as above* Thu excess of gas. 
however, is evolved after the current ceases. 

3 (Jraliam, Phil. Trans. t 156, 399. 

4 Mend, Kanftuj, and Shields, Proc. Hoy. 80 c., 1*97, 6 2 , 290. 

6 r.rahuni, Pn. . Hoy. Sou.* 1808-9. 17, *212. 

• SieverU, Zcmch. physikal. Chem., 1911, 88, 103. 
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. Tlify <#iangc in volume of palladium during hydrogenation may be 
made the subject of a pretty lecture experiment. Two plates At 
palladium fliil are varnished each on «me side, and immersed in a e<*II 
eiJntaining acidulated v.aler. On passlngjun elect l ie current through, 
the electrode serving as cat Rode absorbs hydrogen on .me side, expands 
and curls up, varnished sidi* inwards, whilst the 41 node remains perpen¬ 
dicular. < )n reversing the current, t he curled plat e gradually st raightens 
out. whilst the 01 her plate begins to curl. 

«v using a narrow, vertical class coin-the image mav be thrown 
on to a screen, yielding a very effective demonstration. 1 * * * * & 

Other physical properties of palladium are considerably meoilied by 
the absorption of hydrogen. For example, tin* t ied ru conductivity 
falls continuously with increase of occluded hydrogen, becoming halt 
its original value when the metal is saturated with the gas. At first, 
up to K) volumes of hydrogen to one of palladium, the diminution 
in conductivitv is directly proportional to the amount of occluded 
hydrogen: it. then diminishes asymptotically until 000 volumes ol 
gas have been absorbed, corresponding. according to Woll, to the 
formation of a dihydride. 1’dIL. after which the further absorption 
of hydrogen results in a linear diminution in the conductivity once, 
more.- 

The magnetic susceptibility of palladium is also diminished by 
hydrogen absorption. :i and if the diminution continues uniformly - 
which has not as vet been experimentally demons! rated I hen palladium 
saturated with hydrogen should actually be diamagnetic. 

The tensile strength of palladium Is likewise rcdueciP. 1 

Alloying elements exert a very important influence upon the 
occlusion of hydrogen by palladium. The .Jworplivc power of com¬ 
mercial palladium is from 10 to 20 <p.cr c ut. 1 ss than that of the pure 
metal, a fact that is attributed to the presi nee of small quantities of 
platinum and ruthenium.' 

Silver and gold have an interesting influence. Add -4 ion ol silver 
to palladium at lirsf increases the solubility of hvdlogcn despite the 
fact that hydrogen is insoluble in pure silver. The maximum solubility 
is reached .vith M) per cent, of silver, after which it falls. At Ills’ 
an alft)\vonlaining to per cent, of silver and CIO'per cent, ol palladium 
absorbs four times as much hy»lrngen as pure palladium. With TO per 
cent, yf silver the solubility of hydrogen is reduce!I to zero. 

(told behaves in an analogo.us manner, til lirst iiu leasing and then 
decreasing the power fif occluding hydrogen. 1 ' In both etises the 
solubility of hydrogen is proportional to the square >'()ot o f the [yessure, 
and diminishes with rise of temperat ure. 

Platinum in all proport ions eau -vs a r duetion in the solubility of 
hydrogen in pallad‘it)n, arid although the solubility is. its in the pre¬ 
ceding alloys, proportional to the square root of the gaseous pressure, it. 

1 Icwth, lor. rit. 

VWelf, Ziit*rh. ('him.. Ul 1). 87 , 076 ; !V'-|.th;U). A nit.'J'l ift.il:, IIP/,',. 46 , 

4S1 ; SieviTts, 7.ri/nrh. ].!tt/iil.ttl. Clout., 11)11, 88, I01 : 1*. A ,(/.//. Vh .it.il:, 118)0, 

[ i v ]. 20 , . r >0:i: McKlfnsli, 1'ror ..1 nor. .toe/.. 1!!(I4, 39 , No. U ; <' 1 ab.iio. 1‘rttr. Hot/. Hue., 

1 SBS-1), i-fc 212. • 

> liiges, I’hil. Unij., !!•]<>, 32 , 131. ('onqiair (Iratiam, lor. pp. 212, 600. 

' (Jraharn, lor. rit. • ' , 

& Siovcrta, Ztifarh. itnortj. ('him., 11)11. 27 , XlT. • 

• Subverts, loc. cit. Compare Iierry, T^rawr. I lum. Hoc., 1311, 90, 103. 
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docs not diminish with rise of temperature--on the cc&itfary,. it 
increases. 1 5 , 

The question ny.w arises as tft the eondition tjf the hydrogen occluded 
by the metal. Is it chemi.ally combined to yield a hydride or is it 
merely absorbed'.' 

Troost and IlaulelViiille 2 considered that a hydride of formula 
I’d.jII was formed, and based their conclusions upon the results of a 
study of the tensions of hydrogen disengaged at various temperatures 
from hydrogenated palladium. 

Graham, :l on the other hand, considered it “probable that the 
hydrogen enters palladium in the physical eondition of liquid.” 

This theory of a mechanical absorption of hydrogen by palladium 
receives support from the researches of lloilscma, 1 who studied the 


I 

I 



Concentration oP absorbed Hydrogen 


Fui. 4 . 


variation in tension of hydrogen with tin ajoount absoi'ned lyy.the 
metal at different temperature-”. If a definite compound is formed, 
then Ir; reducing the volume of liydrogeh in contact with the palladium 
no increase in pressure should be observed, only an increase sin the 
amount of compound formed. 

On plotting the hydrogen absorbed against the hydrogen pressure, 
the curves..fur different temperatures were found to assume the shapes 
indicated in l-'ig. 4, and consisted of three portions, namely, a pre¬ 
liminary rise of pressure with hydrogen content, followed by an almost 
stationary pressure with rise of absorbed hydrogen, and finally a further 
rise in pressure. 

At first glance the horizontal portion of each curve appears to 
indicate the formation of a compound, but this is negatived by the 
fact that the length of the central portion not only diminishes with 

’ Sirvi-rts, lor. fit .; Siovcrts, Jurist'll, nugl MHz. V.rilnrh. ,inert). Chun., ISIIfi, 92, 32 !). 

! Trot 1 st amt Haiitefcuillc, Compt. nml., 1874, 78 , 080; Ann. C'/ti’m. l'ln/i., 1874, [v] 

270. _ * 

3 Graham, /’Aft.'I'-tinn.. 1800,-156, 309. 

• Hoitsema, Zeil^ h. physikul. Chon., ISO.'i. 17, I. 
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rise of emporature. but it does not cml ;d the same concentration qf 
hvdrogen (A in tlic liirurc) as would otherwise lie cx]icclcd. It see mu 
hi >hlv ini|irol)a!)lc. thci fore, in view if these results, that a definite 
chemical compound of hydrogen and pullaiiium is pr iduccd. 

In tart her support ol this may lie cil cd the olr < rval ion of Sic\ crl s, 1 
that the quantity of hydrogen alisorheil by unit Weight of palladium is 
a tunction ol the pressure and temperature only, and is ipiile inde¬ 
pendent of the superficial area of the metal. This would indicate that 
the absorption of hydrogen is an ex-ample of true solution rather than 
of definite chemical combination. 

Occluded hydrogen is more reactive chemically than the normal 
gas. Hydrogenated pall; limn precipitates mercury i.ad mercurous 
chloride trom an aqueous solution of the diihloride, without anv 
evolution of hydrogen. It reduces ferric salts to ferrous ; potassium 
ferrieyanide to ferroeyanide ; chlorine water to hydrochloric acid; 
iodine water to hydriodie acid 2 ; chromates to chromic salts ; eerie to 
eerous salts: whilst cupric, stannic, arsenic, manganic, vanadic, and 
molyhdie compounds are also partially reduced.' 1 

Ferric salts and potassium ferrieyanide are completely reduced by 
charged palladium foil or ..ire. and the reduction may be carrii d vit 
quantitatively if required for analytical purposes. 

The reduction of a ferric salt to the ferrous condition mav lie demon¬ 
strated very effectively by an experiment described bv X will. 1 A 
piece of palladium foil is charged with hydrogen by first, healing *'■ 
redness and then making it tin cathode in a cell coniai. ng acidulated 
water, through which an cleelrie current is passing. When saturated 
with hydrogen the foil is withdrawn and immersed momentarily in a 
solution of ferric chloride. It is then dipped into a dilute solution of 
potassium ferrieyanide. when the reduced ferrous chloride betrays its 
presence by yielding an immediate blue coloration. 

It is interestin';, in view of the foregoing reactions, to note that 
Iloitsema calculates that the hydrogen occluded l>v j'.di.ahmn, though 
at first it appears to be represented by IF. yet above 100 ' C. it appears to 
be monatomic; and more recently Winkelmann 8 has been led to the 
com 1 yion that hydrogc-. diffusing through palladium at high tempera¬ 
tures is fiissoeiated (see p. 177 ). Although in both eases higher tem¬ 
peratures than atmospheric “are postulated, the conclusions are 
interesting. 

Allotropy. An exanyiiation of the heating and cooling curves of 
palladium in maw and in hydrogen led Andrew and Holt 5 to the 
conclusion that palladium is dimorphous, the slahili.y of tl. ‘wfi forms 
depending iqioii the temperature. Tiie rale of change of the one form 
into the second is very slow, and I lie two forms do not absorb hydrogen 
with equal rapidity. This Is bona; out by a study of the rate ol solution 
of hydrogen in jialladium foil. 8 

• 

1 Sfeverts, Zeitsch. physikal. ( hem., 19J i, 88 , 1 Oft, 451. 

2 < Vlraham, Phil. Trans., 156 , 809; Proc. Hoy. Sue., lsOK-9, 17 , 212. 

8 Chapman. Analyst, 1004, 29 , 840. 

4 Newth, Chemical Lecture Experiments (Longmans, 1800;. 

6 Hoitt^ina, loc. cil. • 

6 Winkelmann, Ann. Physik, 1001, [ivj, 6 , 104. 

7 Andrew and Holt, Proc. Po>j. *>V., 1018, a, 89 , 170. On .r».ve Holt, Fdgnr, and 

Firth, Ztilseh. physikal. Chan., 1018, 82 , 518. • 

8 Holt, Proc. Roy. .Vue., 1014, a, 90 , 
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'Hie assumption Hint ,|):<ll;uliiim can thus exist in allotropi* forfns 
receives interesting sup|sirt I’rtnn the work of Sicverls. 1 This investi¬ 
gator points out Chat palladia!i hlaek upon ignition yields palladii-in 
sponge. and Ilia/ tin re is a. simultaneous’ increase in the amount'of 
hydrogen alisorlnd at leinperal ores la-low ( : 00 1 ('. Almve this tempera¬ 
ture the absorption oi hydrogen by all physical varieties of palladium 
is practically the same. The explanation seems to he that Loth 
platinum hlaek and sponge (ire mixtures of amorphous and crystalline 
palladium, the former of which has a {{renter power of absorbin',' 
hydrogen than tlie crystalline variety. On lieifting t lie palladium black, 
there is an alteratiou.induced in the relative proportions of amorphous 
and crystalline metal, and consequently a variation in the amount of 
hydrogen absorbed is observed. Sicverls suggests that the absorption 
of hydrogen by the amorphous metal is a ease of simple adsorption, 
whilst the hydrogen is actually dissolved in the crystalline variety. 

Chemical Properties, Doth chlorine and fluorine attack palladium 
at high temperatures, yielding the respective hnlogenides. Chlorine 
water attacks it slowly, and an alcoholic solution of iodine effects the 
formation of a superficial layer of palladous iodide. Iodine vapour 
tarnishes the metal, yielding the iodide, whilst gently healing iodine 
and finely divided palladium causes them to unite more or less 
imperfect iy. 

Concentrated hydrochloric acid attacks the compact metal but 
slowly, whilst aqua regia rapidly effects its solution. Dilute nitric acid 
has but little.act ion, although, when present in certain alloys, such as 
those with silver or copper, palladium will dissolve in it. Concentrated 
nitric acid readily attacks the metal. Uniting concentrated sulphuric 
acid converts it into pahadous sulphate. Palladium is unique in that 
it displaces mercury from its cyanide. 

When healed to dull redness in oxygen, the monoxide. Pd(), is 
formed, although at ordinary temperatures palladium is quite per¬ 
manent in dry or moist air, and is not even attacked by ozone. On 
solidifying from the molten condition in an oxidising atmosphere, 
palladium “ spits " just like silver. When heated in the oxyhydrogen 
ilame it volatilises in,greenish vapours. 

Palladium, like rhodium, but unlike platinum, dissolves' in fused 
potassium hydrogen sulphate, yielding palladous sulphate. Fusion 
with sodium peroxide converts it into palladium monoxide. Heated 
with sulphur combination takes place with incandescence. 

Although’closely resembling platinum in appearance, palladium is 
readily <!!ainguished from the latter metal since an iodine solution 
upon evaporation in the wnjm produces a black slain on palladium but 
not on platinum. 

Catalytic Activity. Palladium is a powerful ’atalyscr in each of its 
various physical varieties. The colloidal form is fnost active and its 
catalytic powers are discuss'd on page 181 . Next comes palladium 
block (see p/ 187 ). whilst finely divided palladium—as distinct’from 
palladium black, which is not the pure metal and compact palladium 
are also reactive. 

Catalytic Activity if Compact Palladium. .-Hydrogen combines with 

oxygen in the jves -nee of palladium foil at 28 (P C., yielding water 2 ; on 

1 Rii-verls, y.citfch. j.lni.-ika!. Chun.. 1014. 88, 103. 

' Ramsay, I'rur. Ituu. Sue., I SO l. 38 , 200, 
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the* oth r timid, hydrogenised palladium is without action on carbon 
monoxide or dioxide at the same temperature. 

Ammonia is oxidis- d, to oxides of nitrogen by ii’i ans of oxygen in 
tin’ presence of palladium foil heated to redness 1 ; ami. as has already 
bet n pointed out, palladium foil saturated with hydrogen effects the 
retluetion of ferric salts, chlorine watert iodine water, etc., to ferrous 
stilt s. hydrnchli>rie aeitl. and hydraulic aeitl respt c! ivclv. IIvtlroearl mns 
are oxitlisetl to ea.bon dioxide and water when passed with air over 
palladium wire heated to redness. In the absence of air tliev are 
decomposed, yielding a deposit of carbon. After a time the pallatlumi 
becomes brittle, and its surface, seen through a lens, nsembles 
coke.- ‘ 

Ciilnli/lir . hiivili/ <>j Fmt li/ Diriilnl J’lilhiiliiim. — Palladium may be 
obtained in a finely divided condition particularly suitable for catalytic 
action by pouring a solution of palladous chloride on to asbestos, 
adding a few drops of alcohol and igniting. l!y repeating the process 
until the asbestos increases some ti per cent, in weight in consequence 
of the palladium, a very ellicicnt. eatalyser is produced. 11 It will effect 
tlie oxidation of hydrogen in the cold, alt hough, be it remarked, hydrogen 
is the only combustible gas I hat admit s of oxidation in this way without 
In ina heated. At bright red heat and in excess of air palladised asbestos 
will effect t he complete oxidation of all hydrocarbons to carbon dioxide 
and water as etlieient ly as copper oxide. The employment of palladised 
asbestos has therefore been recommended formas analysis. 1 The paraltim 
are the most diltieult tooxidisi : acetylene and carbon n noxide come 
next, whilst the olelines are the most easily oxidised. ()i the members 
ot the same homologous series of hydrocarbons the lower are the more 
stable and offer creator resistance to oxidation 
• 'Flic lowest temperatures at whi ii oxidation of various substances 
was effected by palladised asbestos in the pr ■senee of air are given in 


the following table : 

°('. (’. 
Hydrogen . . 20 Uen/.enc . . 2aO 

Alcohol vapour . lad Carbon monoxide . 2!M) 

Pentane . . , 170 Acetylene . . . :i.'S!l 

Pfopylene . .170 Propane . . :t;{!l 

Fjhylene . IttO Methane . . tot 

ls*>bulane . . 220 Kthane . . , tat) 


fl 

Palladised copper oxide has also been used 6 for a sin ilr.r purpose, 
and for other catalytic react ions palladised metals ha . <■ beet lerit, For 
example, the oxidation of sodium hypophosphite solution takes place 
according to the equation , 

N. ll 2 P0./+ II,/) NalljPOj II, 
through the agency of palladised copper or platimmi, gaseous hydrogen 

1 Kraut, Her., 1887, 20 , 1113. 

1 Coquillon. Comj't?rend., 1877, 84 , 4.7S, 1.703. 

* F. C. IMiillipn, Arit*r. Chr^fi, 1894, 16, 103. 

4 Sec Hem pel, Ihr tf 1870, 12 , 030, 1000 ; jirunck, tinory. ('him., 1003. 16 

69.7. . * 

s Phillips, lor. cit. 

6 Campbell. .1 uur. Chew. J .. 189.7, 17^ 081. 
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being < voiced. 1 A furl her oxidation to sodium phosphate takes 
rtl/ien I inis : , 

N^iII.PO, | lj.O j\aII,PO| I n t . 

Tin- palladium «^-|>osit is found, however* to slowly lose its catalytic 
netivily in a solution of the Jiypophospliifc. Neither palladium foil 
nor palladium wire will exhibit catalytic activity in this reaction. 

The amount of hypophosphile oxidised per unit limA is proportional 
to the weight of catalyst present. Sodium hydroxide, hydrochloric 
and sulphuric acids, each retard the reaction, whilst, the addition of 
sodium hydrogen carbonate either is without action or slightly enhances 
the velocity of reaction. 8 

1‘ttllmlnits Sails likewise possess entalytie*properlies. For example, 
they accelerate the oxidation of oxalic acid by persulphides, and, to a 
less extent, by nitric acid. This is attributable to the alternate forma¬ 
tion of a palladia salt bv the oxidiser and its reduction by the oxalic 
acid. Ammonia is likewise oxidised by persulphides in the presence 
of a palladous salt. 11 

Crystalline Palladium was obtained by July 4 as the result of heating 
palladium ribbon, dusted over with finely divided topaz, to redness by 
, mO.i/Ts of an electric current. The fopaz apparently decomposes, 
evolving fluorine, which attacks the palladium, yieldin'; a lluoride, which 
in turn dissociates, leavin'; a residue of crystalline metal. 'The crystals 
resemble those of platinum obtained in a similar manner both in colour 
und lustre, and appear also to he isomorphous with them. 

Palladium •Hydrosol or Colloidal Palladium is readily prepared by 
the reduet ion of tile chloride with aerolei if’ or with hydrazine hydrate, in 
either ease in the presence of an extract of Iceland moss 1 ’ or in contact 
with sodium lysalbinatc or prolall^nate, 7 gum acacia,"or with lanolin, 0 
in a precisely similar maiinc* to platinum, 10 the function of the organic 
additions, which are protective colloids, being to increase the stability 
of I he colloidyl phase. 

Colloidal palladium may also, be prepared by Bredig’s method, 
which consists in sparking between palladium electrodes under ice- 
cooled water containing a little soijium hydroxide (approximately 
001 grains NnOlI pel-lit re). 11 

Palladium hydrosol is a brown or brownish black liquid in which 
the metallic particles are exceedingly small, as evidenced by tlje fact 
that a small portion will pass through a collodion.filter that will retain 
dilute hicmoglobin solutions. The colour of the filtrate is practically 
the same as that oHhe original liquid proportionately diluted, although 
it soinetir.ie'S exhibits a slightly redder cast. Well-defined catalytic 
activity is manifested by dilute solutions containing only 0-0005 per 

1 Sii'vcrts nmt l’eti-rs, Zrilsrh. physilal. Chcm., 19! fi, 91 .100. 

a For experiments on the reduction of organic substances by palladium see Bdesekon, 
i?»r. tr<u\ ciiim.. 1910. 35, 200. 

3 Scngtiarini ami Borti (Yroni, Ga^ztUa, 19146, ii. 61. 

*.Joly, Xitturt'. 1801, 43, 541. 

3 Pasture, /jtitsc} nnortj. Chcm., 1904, 41, 120. 

* Out-bicr, Huber, and Krnutcr, Kollo id /kitsch., 

7 Paal, Her., 1914. 47, 2202; 1904, 37, 124. 

H (yutbior and Hofmoior, «/. prakt. ('turn., 1906. 

8 Am burger, Ki lloulj ZtHsi I 1913, 13 , 310. 1 

10 Sec p. 270. k » 

i* Brcdig and Fort or, Ikr. t 1904, 37, 798, 
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cent. o* jMIadium. and such solutions have a doted able colour iy 
layers ol upwards of one eentimetre in thickness . 1 , 

Colloidal palladium edalvtiealh assists 1 he decomposition of acpieous 
sortitions of hydrogen peroxide, oxygen lining evoh.d. The reaction 
is monomoleenlar. and the influenee of as loinute a ruaiflily of ]ialladiuni 
as one cram atom in gli. 00 : 1.000 litres of solid ion’ean be delected with 
N OOXaOlI am] N IOll,(>, solution . 2 The reaction is accelerated by 
the presence of caustic soda, the optimum concentration of which 
is about X 10 . In acid solution the peroxide decomposes \ cry 
slowly. • 

. Colloidal palladium assists the combination of hydrogen and oxvgen 
to form water. When excess of hydrogen is presdil the \ elocily of the 
reaction is creator than when the cases are in the exact proportion 
necessary to form water. On the other hand, excess ofoxvgen retards 
the velocity. In this respect colloidal palladium differs from colloidal 
platinum, the maximum velocity in this latter ease bring reached with 
the volume ratio : 11:0 2 : i. 

It is reasonable to suppose that the great adsorptive power of 
palladium for hydrogen is the cause of this peculiarity . :i 

I5y treating the pure hydr^so! with hydrogen and measurm«f»sJic 
amount of gas absorbed it has been observed 1 that even with the same 
sample of colloidal palladium a considerable variation occurs, t he 
amount, varyinV from 020 to 20a2 volumes of hydrocen per unit volume 
of metal. On heating the solution only a portion of tile absorbed 
hydrocen is evolved. Why tin whole of the gas is not crated is not 
clear. 

The activity of hydrocen is increased by absorption into palladium 
hydrosol. This was first observed’’in connection with the reduction 
oil nit robenzot in alcoholic solution, a*rplant ity of aniline heinc produced 
by passing hydrocen through the solution *a ! ter the addition of some 
palladium hydrosol. This is the more interesting inasmuch as neither 
palladium black nor palladium foil shares this proper*y, lind further, 
because aniline is a poison for catalyses, at any rale in small (plantities, 
as llredig first showed, although in larger amounts it exerts an accelerat¬ 
ing action. ' # • 

U<atl|mrison of the efficiencies of different colloidal metals may be 
established by determining tlir*relali\c volumes of hydrogen Used for 
reduetivn by them in unit time. TluS'was effected by conducting 
hydrogen into a tlask coidaining 

10 c.e. metallic hydrosol 
2 grams nit robcn/.ol 
10 c.e. alcohol , 

and maintaining at 70* C. • . 

The results indicate that tliere is hut little to choose between 
platinum and palladium, but that iridium exerls a much less powerful 
activating influenee, whilst that of osmium is very smalL The aeleal 
figures obtained are : 

n 

_ _S__________ 

1 Sue Zsjgmondy, The ChuMulrt/ of Colloid*, translated by Spear (Wiley, 1917). 

2 Bredis; and Fortner, Iirr., 1904, 37 , 7!. r 8. 

3 Paal and Hartmann, J. prakt. Ohrw., 1909, [iij, 8 o, Xtf. 

* Paal and Henini, Her., 1908, 41 , 805. % 

5 Paal and Amhurger, Her., 1905, 38 , 1 ^H>. 
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l c.i!. of C.c. of hydrogen pA tijur. 

I'alladium hydrosol • . . 151,000-32,000 

I’la I inutile ...... 0,700 BT’.OOO 

Iridium .. *. . . , . 2.000 1,000 

O-mimfi , . small action 

« 

Tlic aclhily varies largely with the state of t lie colloid, as is to be 
expected. Old hydrnsols appear to work more cilieirnfly than samples 
freshly made. The temporal lire. too, exerts a most important influence. 

In a similar manner to the foregoing, nanjely, by passing hydrogen 
gas through an alcoholic solution of the substance to be reduced, ii^ 
the presence of palladium hydrosol, many other organic compounds 
have been exposed to the action of hydrogPn. Of these not the least 
important are unsat mated vegetable oils such as linseed, olive, castor 
and cot ton seed, which are completely reduced, hydrogenated or hardened, 
yielding white solid oils! or lals. 1 These oils are now hydrogenated on 
a commercial scale, but. finely divided nickel or its oxide is usually 
employed as catalyst (see p. On). 

Like that of plalinuni, palladium hydrosol is affected by poisons, 
hydrogen sulphide, mercuric chloride, hydrogen cyanide, and hydrogen 
arsenide exerting a marked retarding influence. For example, the 
addition of N 107 iodine to N/1B200 palladium reduces the velocity of 
decomposition of hydrogen peroxide by colloidal palladium by 2a per 
cent. Ilvdrogen sulphide probably retards the reaction by converting 
the palladium into sulphide. - 

Colloidal palladium exerts a remarkable absorptive power on 
acetylene, some aOOO times its volume of the gas being occluded. The 
reaction continues for several days, proceeding rapidly at first, and 
then gradually slowing down. TUr absorption is facilitated by slight 
increase in pressure, and •also by raising the temperature. Upon 
exposure to air, only part of the acetylene is evolved, and only a small 
amount is absorbed again upon further exposure to acetylene. It is 
generally assume’I t hat polymcridi * or condensation products are formed. 3 

Colloidal palladium oxidises solutions of sodium dihydrogen hypo- 
phosphite to phosphite and phosphate in the same manner as the 
electrolvtieally deposited metal,and palladium black (see p. but. 

the activity of the colloidal metal is grimier. 

Colloidal palladium conv i.s mercury and mercuric oxiij,*- into 
colloidal solution, and thereby loses its own catalytic activity. It is 
suggested that possibly a hydrosol of pallndiutn amalgam is lormed. 4 

Palladium hyiiyosol may be obtained in the solid condition by 
concentration of the aqueous solution, containing a protective colloid 
such as gum acacia, by exposure over sulphuric acid in vacuo.-' It has 
also been prepared! 1 by passage of hydrijgen fhrough a solution of 
palladium chloride at <10' C. in the presence of sodium protalbate. After 
dialysis "the solution is evaporated on, the water-bath, and dried as 
before in vacuo over sulphuric acid. 

1 Paul and Until, Her.. 190S, 41 , 22.S2 : 42 , 1541. 

! Brivtig and Fortner, luc. rit. 

3 Pant and Ilohencjii'vr, lhr., 1910, 43 , 2084; 1915, 48 , 2.57; Panl a\d Schwarz, 
Bor.. 1915, 48 , 1195. 

• Paal and llnrtnuv'in, Bor., 191S. 51 , 711. 

1 (luthier and HrOmoier, lor."rit. 

• Paal and AtnWigcr, Bor., 1905, 38 , 1398, 
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The t Jolul hydrosol readily dissolves in \\n t ter again to yield a # eol- # 
loidal solution. AVlien warmed to <>0" oi*110' J U. in hydrogen the soliif 
iv^roso! absiAhs the gasl but yields it u ) again evlu* raised to ISO" or 
1 to l'. in an atmosphereof carbon diolide' at which temperature the 
protective colloid (sodium hsdbate) is Aiil inulceoiiposcd. 1 

Spongy Palladium is readily obtained by healing animonium clilor- 
palladite. (Nll^'^l’dtl.,. in hydrogen. It is then in a particularly 
suitable condition lor i xliibiting catalytic activity, tiraliam - prepared 
it by ignition of the cyanide, and l>eny :i ley reihietion of the chloride 
with sodium formate in hot acpieoiis solution. 

• When spongy palladium is exposed to an atmosphere of hydrogen 
gas at temperatures rangingdrom 50 C. upwards it occludes hydrogen, 
the mass becoming pyrophoric. The amount of occluded gas steadily 
decreases from ill* volumes to one of palladium at 50 ('. to a mini¬ 
mum of (Hit volumes at -f L’O’ ('. It then rises again to 751 volumes 
at 105" U . 4 

At very low tcnqicrntarcs, such as those of liquid air. palladium 
sponge has an extremely large capacity for hydrogen, and palladium 
sponge at — 100 ' ('. has therefore been recommended as a convenient 
substance for removing the Iasi traces of hydrogen from other gas.r » 

The chemical activity of the absorbed hydrogen is considerably 
enhanced. For example, the hydrogenated sponge when placed Ibr 
twenty-four hours in the dark at ordinary temperatures in dilute 
solutions of ferric sails reduces them to the ferrous condition. In a 
similar manner potassium terrier a aide is reduced to for toca. tide; chlorine 
water to hydrochloric acid: and iodine water to hydriodie acid.- 

(iiaham also found palladium sponge to exhibit a selective absorp¬ 
tion for alcohol in preference to water, a powernot manifested either by 
pfatinum sponge or by spongy iron 1 . For example, palladium sponge 
was left in contact with a mixture of alcohol .-.ml water in a sealed tube 
for two days. At the expiration of this time the supernatant liquid 
was removed and found to contain less alcohol, while the portion 
retained by the palladium contained more alcohol in proportion than 
the original mixture. 

PtHadium Black is not. pure palladium, lmt ai; indefinite mixture in 
a very high state of tine subdivision, obtained by precipital ion from sot 11 
tions iff palladium salts witii reduci..,; ■monts® such as sodium ft.mate. 

Obtained by reduction with sodium formate, Mond found palladium 
black to contain t-tia pty cent, of oxygen, which, however, cannot, be 
removed in radio even at a dull red heat, and must therefore be estimated 
by reduction with hydrogen and weighing the wide? foruud. • 

Dried at 100 '’ ('. palladium black contains 0-72 per cent, of water, 
and hence, assuming, the wxvgen exists as palladium monoxide, the 
composition of the hh vk is*as follows 7 : ’ 

I’d ...... SO-5!) per cent. 

PdO . . ’ . ... 12 0 !) 

II 2 0 . 0 72 „ 

1 I'sal and Ambrrger, Brr., 1905. 3 S, 1998. 

E (tra)iam, /7n7. Trans., 4 850. 156 , 399. 

* Berry, Tran*. Chnn. 1911. 99 , 453. 

* (luthier, (tebhardt, jind (Itteimtiin. Ihr., 1913, 46 , 1453. 

6 Valentiner, lUr. Itntt. jihynilal, (.Vvf.,^1911, 13 ' 1093. 

* See Platinum Black. |). 273. " . 

’ Mond, I arasny, anil .ShiAds, Vrvf. Hoy. Sor., 1897.*6^, 290. 
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Win ii ignited in oxygen palladium black absorbs the gasyup fo n 
*rnl licat. virliling a brownish black substance -hat. does not yield ip 
Ils gas al Veil Ii ait in radio. tJic inference being that the free m etiA is 
MiereLv com cried into the iVonoxide. # Wlfen exposed to hydrogen 
, 1 100 volumes aligns are absorb id, the bulk being occluded, the remainder 
srrviie' lo reduce tl.a monoxide. Of I he occluded hydrogen. 02 per 
rent, can be slaulv regained by pumping at the ordinary temperature, 
and /(radically all the remainder upon heating to tT- t° C. 

The In al evolved on thl oeelusion of hydrogen oy palladium black 
is nearly the same as I hat evolved by platinum black under similar con- 
dilions. The heat of oeelusion remains constant for the different fraetioift 
of hydrogen oecludifl, namely, KiM) caloric// per gram of hydrogen, or 
■t.‘!70 calories if the external work done by the atmosphere is allowed for . 1 

Palladium black when heated in hydrogen readily absorbs the gas® 
which it evolves on heating, one volume of the metal evolving 071 times 
its volume of hydrogen. 

When suspended in water palladium black absorbs even more 
hydrogen, namely, in one ease 1201 times its own volume . 3 Under 
similar conditions it likewise absorbs acetylene slowly ; when suspended 
i n (iO '.ier cent, alcohol it has a pronounced adsorptive action ,' 4 as also when 
suspended in an aqueous solution of sodium protnlbinatc. The absorbed 
acetylene exhibits an enhanced chemical activity. The curves obtained 
bv plotting the rate of absorption of hydrogen by platinum black are 
smooth, indicating that only oncallotropic form of palladium is present/’ 

Palladium Jilack eatalytically assists the oxidation of sodium 
dihydrogen hypopliosphile solution to sodium phosphite, thus: 

Nall,P<), | 11,0 . NalIJ’O, -|- II,, 
hydrogen gas being evolved. The* react ion proceeds even further, the 
phosphite being oxidised to.phosphate 11 : 

NalljPO., -1 11,0 Nall.POj + II,. 

Palhuliunl black slowly absorbs .*5<i times its volume of carbon 
monoxide at ordinary temperature, and appears to form a chemical 
compound with it. although efforts to isolate such have proved abortive. 
It can hardly be purely mechanical absorption of the gas, sinegrother 
gases such as hydrogen do not* effect Ue elimination. Upon heating 
to 520-C. the carbon monoxide,.v ..uddenly liberated . 7 * 

Uses. -Palladium is seldoin used in the pure state, and its*alloys 
have hitherto received but little applicat ion .even in scientific work, 
although recently a useful lield has been discovered for utilising certain 
alloys, tiugh ks thosV of palladium and gold, ns substitutes for platinum. 
They have been used, on account of their excellent resistance to atmos¬ 
pheric corrosion, for certain astronomical and dental /nirposcs, and for 
coating the surfaces’of retleetors used for searchlights, etc. Palladium 
salts are, used in photography. 

Atomic Weight. .1 ppro.rjjnate Atoihic Weight. —That the atomic 

• Monti, Raimay, and Shields, Proc. Roy. Roc., 1807, 62 , 200. 

8 Paul ami Ambitger, Per., 1005, 38 , 1394. 

5 Paal and Gerum, Per., 1008, 41 , 818. 

4 Paal and Hohonogger, Per., 1013, 46 , 128 ; 1910, 43 , i692. 

h Contrast- the behaviour of compact palladium; see p. 180. See Holt, Proc. Roy. 
Roc., 1014, a, qo, 22(5; *.ml Maxled, Tran#. Chon. Roc.. 1010, 115 , 1050. 

8 Siovoits and Pct-tjra, 7a i(<ehyhynihil. Chon., 1910. 91 , 190. 

7 Harln'ck and LtLigc. Zeitsch. anorg. Chen 1S08, 16 , 50. > 
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weight jAlladium is Approximately 107, and not a nmltiplc or fraction 
of this amount, is clejuly indicated by several considerations, fliicf 
: n' mgst these are : 

;t) The speeilic heat of palladium b*0 <*>!>; assuming. therefore, a 
mean atomic heat of l>-l.®thc*atomic \vc%/iit of the l icftd, according to 
Duloiur and l’ctit's Law. is approximate! 10S. 

(•>) A study of the chemical properties of palladium and its com¬ 
pounds reveals a close analogy, as explained in Chapter 1, between this 
element and nickel and platinum. Kurtherfciore, a more or less regular 
gradation in properties ecu lie traced as we compare ruthenium with 
rhodium, and rhodium with palladium. These tacts sugg‘‘: ( that 
palladium should he placed at the end of one ot t heSTiads ol Croup \ III 
in the same vertical line a* nickel and platinum. At present there is 
only one such vacancy, namely, that next to rhodium, and befitting an 
element of atomic weight lying bet ween (atomic weight of rhodium) 
and 107-.SK (atomic weight of silver). 

(;!) Alkali chlor-palladitcs and ehlor-palladates are isomorpholis 
with the corresponding ehlor-platinites and ehlor-platinates. Applica¬ 
tion of Mitschcrlieh’s Law of Isomorphism leads to the conclusion that, 
these salts have a similar constitution, and are therefore represented 
by the general formula' M.TMCl., and M ; l’dCI 0 , assuming those for tlie 1 
platinum derivatives to he MJ’tCl, and MJ’tt 1 6 respectively. 

Analyses of these compounds indicate that the atomic wi ight. of 
palladium is 10ti-7. 

Exact Atomic Weight .---The first determinations (T the atomic 
weight of palladium were made by Herzclius. JI is analysis of palladium 
monnsulph'dc 1 is of no present value; and the same remark applies 
to his analyses of potassium ehlor-palladite, KJ’dCl.,. although until 
tl*> year IHSU the accepted value U* the atoi. ie weight of palladium 
was based upon the results. Herzclius * “decomposed the salt by 
ignition in a stream of hydrogen, determining the loss in weight and 
the amounts of palladium and potassium chloride in the >-idue. 11 is 
results lead to values for the atomic \leight of palladium varying from 
101 t) to 111-1. probably because the double salt was incompletely 
dried ; his ratio I’d : 2KU1, whichds independent of this source of error, 
leads textile value I’d iOtj 'lA 

The first modern determination of the atomic weight of pall-'dium 
was published by Kriser in 18X0, 4 i bis chemist considered that 
palladosammine eiiloride. I’dfXII-JA'h,. was the most suitable palladium 
compound for atomic weight work, and most subsequent experimenters 
have utilised this compound or the corresponding dnonndc. Keiscr 
analysed the compound for palladium by heating it in a stream of 
pure, dry hydrogen, and this^ method has ;d - > been employed by Hailey 
and I .ami),' 1 Keller and'Smith,® Kei^-r and Hrecd, 7 Kfcll, 8 Woernh.-, 0 and 

1 Berzelius, fogy. An‘,alien, 1820, 8 , 177. 

2 Berzelius, ibid., 1828, 13 , 454 ; cf. ^iiinlim Jeilius, Inaugural Jti***rMion t uni linde n, 

1847. • • 

8 'line antoeedent data used in all tlit* ealeiilalioiiH in lliia ‘“■Hion nr- ns : 

() = liHHJO, H = 1U07M, N 14-00S, (-1 -- 35157, Br 7!M>f<i. Ag 107-SSU, 
K = 81H00, 0 — I2-00& r 4 K' i'st r. Annr. fin #»». •/., 1SSI1, II, 808. 

6 C*. 11. Ifailcv and Lamb, Tianx. flam. 18U2, 61 , 745. 

c Keller and K. F. Sinitli, Anur. Client. ./., 1802, 14 , 423. 

• Keiser and Miss M. Breed, ibid.. •!80-/, 16 , 2o. 5 

8 Krell, Inaugural Dissertation, Erlangen, 1000. * _ 

9 Woemlc, Silzungsber • phys. med. Soz.^Krlanytn , 38 , 278. * 



too COBALT, NICKEL, AND ELEMENTS OF PLATINUM GROUP 

• 

Krimiimr. 1 On the oilier hand, Keller and Snlth, who e«isjHer that 
'<raifs of palladium are Itrst. hv this method, determined the [fdladium 
<‘indent of the compound eleetrolylieally, as also did Atyberg 2 in two 
serifs of experiments, and rtV<|rnio. Moreover, Amberg made a series 
of determinations in whieh thilreduction to ilctal was accomplished in 
solution vvilh livdra/'iie sulplfte, while Shinn 3 effected his reductions 
with ammonium formate. The results of these investigations arc 
summarised in the following table : 


IM(NH a ) 2 CL : Pd : : 100 000 : x 


Date. 

I.VK pen mentor. 

No. of 

KxpH. • 

Value of 

X. 

Atomic- Weight 
of Palladium. 

1SS!) 

Reiser (i)* 

11 

50-300 

100-00 


(ii) 

8 

50-359 

100-1!) 

1 892 

Hailey and Lamb 

to 

50-171 

100-70 

1 S!)2 

Keller and Smith . 

n 

50-388 

100-02 

1 !S!)-1 

Reiser and Hired . 

5 

50-351 

100-10 

."11* * O'* 

'» ij 

*4 

50 352 

10010 

1000 

Ivrell 

5 

50-305 

loo-or, 

1007 

Woernlc 

0 

50-30 I 

100-04 

100H 

Kemmerer 

9 

50 332 

100-08 

1802 

dYellcr and Smith . 

9 

50-508 

107-10 

1905 

Amberg (i) 

5 

50-550 

107-01 


(iij . 

12 

50-305 

100-00 

1007 

Woernlc 

r 

5 

50-307 

100-00 1 

1005 

Amberg (iii) . 

5 

50-388 

100-02 

1012 

Shinn . 

0 

50108 

106-70 


Two of the preceding investigators de'ermined the chlorine in the 
eompound by weighjng it as silver chloride • first, Hailey and Lamb, 
who collected the ammonium chloride evolved when pailadosammine 
chloride was heated in hvdroi'y.e..; and, secondly, Amberg, who precipi¬ 
tated the chloride in his filtrates after removing the palladium (eleetro¬ 
lylieally in series (i) and with hydrazine sulphate in series (iii) above) : 


-AgCl : I\l(XII.,),t'L : : 100-000 : x 


Date. 

Experimenter. 

No. of 
li.xpts. 

Value of 
x . 

Atomie Weight 
of Palladium. 

1802 

Hailey and Lamb . 

5 

73-807 

100-01 

1005 

Amberg (i) 

1 

73-818 

100-til 


(m) . 

(i 

73-8 U 

w 

100-63 


u ‘ Lemiuerer, J. .-liner. C/icin. S.,c.. tiK>8,30, 1701. 

2 Amberg, Annalcn . 1905, 341, 255. 

. * Shinn, J. Amer , Chan. §jc., 1912, 34, 1448. 
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•Haul, ftebliardt. And (luthier 1 :m:ilvso<l pallnditsammine liromiilc 
by reduction in liydnjfi'ii, with tIn- l'nllo^-inj; results : 




Hair. 

* 

Kxpmmmfpr. 

1 

» 

Xe.’V 

I-XpIS. 

V.iiut* 01 

X. 

Alctuic WViuhl 
of I’all.uiium. 

190S 

Haas ... 

1 

:t.5 tog 

loo-o\ 

, 1000 

(iebhardt 

7 

:t:>-101 

loc 0. 

1000 

(luthier. Haas, and 
(iebhardt T 

t 

ll.e 40.1 

WOOD 


A few investigations liave been made will, nllar |ialiadimn cum- 
pomids. .lolv and Leidic f used |io|assinni clilor-|ialladite. Iv.lMCI,. 
Tlie dried salt was electnilysed in a solution aeidnlateil with hwlrn- 
ehlorie acid, the deposit of paMadium weighed, the potassium chloride 
recovered from the liipiid by evaporation and also weighed. Three 
experiments were oaried out with a salt containing ;1 little wales -. v»j^ 
a second series of lour experiments made with a salt that had been 
dried ill mi mi at 100 l'. The results were not very concordant. 
Kmallv. in two experiments the salt was reduced by heat me il in 
livdrogcn, and the palladium and potassium chloride dele rmined in tin 
residue : 


1 st series 

2 KCI : 1M 

: : 100-000 : 70 07!) 

W lienee I’ll 

107,-SI 

2 nd series. 

K.IMCI, : 

1M : : 100-000 : 112-1.50 

,. I’ll 

107,-70 

C 

K.IMCI, : 

2 K C 1 : : 100-000 : I.V.V2S 

,. I’ll 

107-7,0 


gKCl : I’d 

: : 100-000 ; 7 1-2.57 - 

.. I’d 

loo-:>r, 

.'!rd series. 

K.IMCI , : 

1M : : 100-000 : , - !2- ISO 

„ I'll 

10)St 


K.IMCI, : 

2 KCI : : 100-000 : 1,5-700 

., I’d 

IdCf-lO 


2 KCI : 1M 

: : 100-000 ; 7' 0.5.5 

I’ll 

107,-07, 


Hardin a employed Hire rotnoounds. diphenylpnlladodiammoiiium 
ehlori 4p and bromide.' and ))ailadium ammoniiui' bromide. Kaeli 
compound was analysed for jialladium by reduction at a red heal in 
hvdrot'cn with the following result . ■ , 

7 expts. Pd(C«H& NH 2 C!)j: I’d :: 100-000 : 2 !K 100 whence I'll 10, (111 

5 „ lMd'nHj.Mljlii'h: I’d :: 100-000 : 2. - H>22 „ J'iI 107-01 

i „ (Nil,),PdHr,: I’d:: 100 (» 00 :2,T 11 afl „ I’d-,-lOO-O-l 

Kemmcrer . 1 ill addition to studying palladosammine chloride, 
reduced tile correspond in a rvanidc to the metal in a stream of hydrogen : 

6 expts. Pdi NI1,),(CX),: I’d :: 1000-000 : .W-gOl whence l‘il 100-10 

There is a wide variation* in the preceding results, which point 
strcfilglv, however, to a value tor the atomic weight of palladium al >ut 

1 Haas, I wiirrurafld.-iurkitiun, Krlangen, 19US; (icbliantl, SilziiiiijOjtr. jdn, a. mid. 
Soz. Krktr.frn, 1000, 40 , 05 ; cSutliier, Hftas.andtad.liardt, J. pnill. Clam., 1009, (iij, 79 , 
457. 

* July and Leidie, Comjtl. rewl.,1 Slid, 116, 1-17. 

3 Hardin, ./. Amer. Chon. Hoc., 1899, 21 , 947. 

4 Kemmcrer, loc. ci.' 
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halfway Let ween I’d 100 and I’d - 107. fchinn 1 expresses the 
npinlon’tlia! pulludnsamfnmc .chloride, which hat been used id most of 
iI k- determination^;, has jirobably never been prepared perfectly free 
frimi traces of palladium*anVnonium chlorAle, in which case n.’ost 
workers hlivc i*»t analysed a/rtruly ImmogeiVeous substance. Should 
this criticism be substantialccP if. is probable that a similar one would 
hold against the corresponding bromide and cyanide and tile organic 
derivatives employed by Hardin. 

The International Committee’s fable for 1921 gves 

Pd - 106 7. 

This v alue is prnhaWy not far from the trujh, since with the exception 
of Kemmcrcr's results and the undoubtedly defective series (i) of 
Amberg’s electrolytic determinations, all the modern values for the 
atomic weight of palladium fall between the limits JOO-G and JOG-7. 

ALLOYS OF PALLADIUM 

Palladium yields a few alloys, the most important of which are 
t hose containing gold. , 

-^"Wilh copper the freezing-point curve falls steadily from the freezing- 
point of palladium to that of copper, the portion representing alloys 
rich in copper being nearly horizontal. There is no evidence of 
the formation of compounds, the two metals yielding complete series 
of mixed crystals. The alloys are harder than the individual 
metals, exhibiting a maximum hardness with equal parts of each by 
weight . 2 

With gold, palladium likewise yields no compounds, the freezing- 
point curve falling continuously.-land lying concave to the axis Of 
concentration. The hardness of the alloys increases up to 70 per cent, 
of palladium and then decreases. Alloys containing more than 10 per 
cent, of palla limn are white . 3 

A couple consisting of gold wiie and a wire containing 00 per cent, 
of gold, the remainder being palladium, lp,ts approximately six times 
the thermo-electromotive force of a. plati. urn-rhodium couply. Its 
utility, however, is ciirtailed by-the liability to undergo disintegration 
- which characterises palladium allocs . 4 - , 

The addition of gold to )«ffii(lium first increases and then reduces 
the power of the latter metal to occlude hydrogen, the reduction being 
proportional to the amount of gold in the alloy. The occlusion is 
reduced to njl in tig' presence of 75 per cent, of gold . 5 

Alloys' of palladium and gold, containing from GO to 90 per cent, of 
the latter metal, are known .is rhmanium, and, on account of their high 
melting-point, strength, and incorrod'bility, have been recommended as 
substitutes for platinum. 

An alloy of palladium and gold has been placed on the market yndcr 
the name of I’tilan as a platirilmi substitute . 8 IL is claimed to be e.ven 

1 Shinn, toe. cit. * 

a Kuor, Zcitsch. anortj. Chan., 10(H), 51 , -23. 

5 Knur, ibid. p. 301. 

4 (iuibt‘1, Zcitsch. anortj. Chan.. 1010, 69, 38. 

6 Kerry, Trans. Chafr. Soc., 1011, 99 , 4U3 ; SievcMs, Jurisch, ami Met/, Zcitsch.unonj. 
Chan.. 1015, 92 , 320. 

• Sec p. 270. Fnhreuvald, J. Ind. Eng. Chm. t 1017, 9 , 59l 4 . 
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superior k> platinum 'n certain respects.' It melts at 1370° C\, am^ 
lias a density ol' 17-22. When heated strongly it loses only very slight 
in weight. being superior in this respect to platinum containing 2-4 per 
eei.t. of iridium, althoug. inferior to th t containin'; o ily O ti per cent, 
of iridium. Its coin pur.' ive freedom t. nn iron is an advantage, and , 
in its resistance to hydrochloric, nitri , hydrot'aorie. and sulphuric 
acids, and to sodium hydroxide solution, and til ed sodium carbonate 
compares favourahly with that of platinum. It is not so good, however, 
for potassium pyrosulphate fusions. 

The fret zing-point cu-vc of mixtures of palladium and silver is 
similar to that of palladium and gold, and no compounds appe.tr to In¬ 
formed. The hardness of the alloys lies bctwcin that oi the com¬ 
ponents.- 

An alloy containing 5 parts by weight of ])alladium and I of silver 
was toinid by Graham a to be still capable of absorbing hvdrogiv. 

Palladium silver alloys admit of receiving a high polish, and retain 
their bright surface. An alloy containing ,‘IS per cent, of palladium, 
the remainder being silver, was formerly used for denial purposes. 

With had the freezing-point curve exhibits two maxima, namely, 
at bit C. and 121!)' corresponding to the compositions I’dPI- -yid 
Pdjl’b, respectively. Three bleaks occur at 495", 5!Mi’, and {-»;{(>' 
respectively. The lirst and last, namely, at 495 and at S.'io 
indicate the existence of the compounds IMPb and IMjI’b, and which 
decompose below their melting-points. It is not yet certain what 
the composition of the alloy represented by the bre->|- at 590 1 v . 
may be. 1 

Interesting support to the belief that, the compound Pil.l’b can 
exist is afforded by the results of experiments 5 to determine the differ¬ 
ence of potential between various alloys and pure lead in a normal 
solution of lead nitrate. The alloys were prepared by melting the 
palladium and lead under a mixture of lithium chloride and either 
potassium or barium chloride. Alloys containing less ; ban 33 per 
cent, of palladium have a potential practically identical with that, of 
pure lead, whilst, those containing more than this amount of palladium 
exhibit a higher potentad which at first rapid!v increases with the 
palladintik Del ween 20 and 90 p- reent. of palladium the alloys arc 
harder # than the individual eoifipo"-ms, a maximum occurring with 
05 per wnt. of palladium. 

Palladium and nickel yield a continuous series of solid solutions. 
Thecipiilibrium diagram exhibits a Hat minimum near 120t*" C.,that is, 
between Ml and (10 per cent, of palladium. The a'loys »’-e all more 
readily susceptible to attack by concentrated nitric acid than are the 
individual metals thcmselvcj. Allovs up V s7 per cent, of palladium 
are magnetic, but tlid magnetic power rapidly declines from 40 per 
cent, of palladium upwards. The alloys can be forged to a certain 
extent, those containing a high, percentage of nickel being somewhat 

more easily worked. 6 * 

• 

1 Mtt. Chftn. Eng., 19) 7. 16 , (583. 

2 Kucr, Zrilsrh . anon). Vhrm 1900, 51 , 315. 

3 Gruhan* Phil. Tran j*., 1800* 156 , 399. 

4 Uutir. ibid., 11)07. 52 , 345. Si*e* Hcyejjek an«l N»*vilh\ Trans, Chnn. &'or., 1892, 6 l, 
888 ; Bauer, Hu.. 1871. 4 , 451 : MatttiicHon. Rogg. Annabn, IKW n^ f 21. 

5 Pusliin and I*a>disky, J. Rush. Rhys. Chan. Sue., 19^8, 40 , 82* 

Heinrich, Zcitsch. awry. Chun., 1913, § 3 , 322. 

VOL. 4X1 I 
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•• Palladium Amalgam.is readily prepared by trfturnting fiifel t divided 
•palladium with mercury. Union takes place J'ilh cvolutioi! of heat 
and somclimes arTompanhjl lu," explosion. , 

The linely iljvided metal ijobtained for fhis purpose by reduction 
of palladoiis chloride with strifes of metalye /pie, the palladium deposit 
Iwing carefully waslfed and died. After prolonged exposure to air it 
appears to lose its affinity for mereury, possibly on, account of slow 
oxidation. 

Palladium amalgam is sometimes used as a filling for teeth. 

’the followin'; table, giving references* to the more important 
researches on alloys of palladium, may prove useful to the reader : 


Kliments ahoy ini' 
with Dalludium. 

Remarks. 

• 

AuMioiity, 

Aluminium 

— 

Debra v, Com/it. mu!., 1 Soli, 43 , 
025 * 

See p. 200. 

Antimony . 

Kxistenee indicated of IM.,SI>, 


lM^Sh.,, IMSb, and lMSb 2 . 


llismuth . 

Compound lM15i 2 . 

Koessler, 'Avilttt'h, nnonj. Chnn ., 
1K05, 9 , /if); lleveoek and 
Neville, Trans. Chun. Nor., 
lKOO, 57 , 370, 050; 1S02, 61 , 
sss. 

C"|'|iir 

No compound. Complete 

Sec |>. 192. 

4 u 

series of mixed rivstals. 


Cold , 

No compound. Alloys used 
commercially. 

Sec p. 11)2. 

Lead. . 

Ivvisteufe indicated of l*d.,Pl\ 

See p. 103. 


lM .l’li, lMI’li, ant' IMI'ln. 

NiiKi'l 

No compounds. 

See p. 103. Also Clarke, Cillnrt s 
.1 nnnlcn , 1MO, 62 , 350. 

Silver . 

No compounds. 

See p. 103. Also Mattliiessen, 
Vtuftf. Annahn. 1N00, no, 21 ; 



Werlheim, Ann. Chitn. /'In/s., 
1SI1. 12 , 5SI ; Maetireeor and 
Knott, Trnn\'. /«’<»;/. Snr. ICiltn., 



l * ISK0, 29 . 500; Dewar and 



Klein inn, 1‘hil. Ma/fo.’ S02. 34 , 
320. 

Sodium 


Tummann. Xrilsrh. •■hi/sibil. 
(’/tun.. 1SS0. 3 , I! 1. « 

Tin . . 

l*d jSn a . 

Devi He and 1 )ebray, A mi. i'him. 1 
Tin/. 1S50, 56 , 413 ; lleveoek 

» 


and Neville, lor, ril. 

Zinc . * 


Doville and Debray, loc. ril. 


COMPOUNDS OF.PALLADIUM 

I 

Three classes of palladium salts arc known, namely, palladous salts 
in which the metal functions as a divalent atom ami palladia salts, ii 
which the metal is trivalent and teDavalcnt. The pailadous salts ar* 
stable, but upon ignition yield metallic palladium. 

Pallailic s ilts' are less well known-in the free state, being highly 
unstable, although, eomnined with other salts, they yield stable com 
pounds. Examples of these are the’ chlor-palladates, of general formulr 
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31.,I'cH'l;, ami M .PeK l„ The latter correspond, to the ehleir-plat mates, < 
with which indeed the; are isomoipbom. hut possess less stability. * 

P.'dladous salts are rr-ililv oxidised t i palladia •ompomuls. par¬ 
ticularly when wanned. 1-or exainjile. ^ solution of pallaelous nitrate 
warmed with coneentratco pcsulphatc w'lution is oxidised to a brown, 
palladie eoni|)ound, which decomposes hvhlroge-n peroxide and ammonia 
vigorously, gaseous products being evolved. With hydrochloric acid 
it yields free chlorine. 

When a solution of potassium ehlor palladite or hrom-palladile is 
warmed with a |)ersulpiiale in the presence of the correspondin'' li.-loge-n 
afid the lialouen palladate is precipitated on eooiin<>. ’this reaction e, 
interesting as affording a. r-. thoel of separatin'.' palladium iront certain 
other metals. 1 

fallacious salts posse-ss catalytic properties, lor example, they 
accelerate the ox elation of oxalic acid by persulphate's and. to a less 
extent, by nitric acid. This is explained on the assumption that the 
pallaelous salt is alternately oxidised to a palladie derivative by the 
oxidisin'; agent and reduced by the oxalic acid. 

Ammonia is likewise oxidised by persulphate's in the presence of a 
pallaelous salt. 

Palladium resembles both nie-kcl and cobalt in yielding double 
nitrites and cyanides. 

Palladium salts arc reduced to metallic palladium by hydrazine, 
whether in acid or alkaline solution, and the product is cnluely .soluble- 
in aepia regia. 8 


PALLADIUM AND FLUOltINK 

Palladous Fluoride, Pell',, is ohlai..<el a ; a duck-coloured, crystalline 
sail by heating palladium to dull redness v.i lluorineA When the 
temperature is raised to bright redness the salt decomposes, leaving 
metallic palladium. 


PALLAIVVM V.v'D ( IlLOllINK 

Pallaclbus Chloride, Palladium Ccnloride, l*< Kis obtained in 
the anhydrous condition as a sublim..'" on heating spongv pallaitmm 
to elull fedness in dry chlorine-.* The monosulphide-, IMS. when heated 
in chlorine is converted into the anhydrous chloride, and the: same salt 
is produced by dehydrating the elihvelratc. Pelt 1^.1:11,0, a a slightly 
elevateel temperature. 

Palladium chloride can be' distilled at a low reel heat in a curre nt of 
chlorine. It then yields a sublimate eil dark red, needle-shaped e-rystals 1 
which deliquesce in the air. * 

When heated in a ; r to 100 ' C. chlorine is e-v eelv< el, anel even at ! 00 C. 
after jjreilonged heating, traces’ of chlorine are driven edf. Wlu-n 
heated in an inert, gas such as carbon dioxide, chlorine i.» e volved 
250“ C. It is reduce^’, by hydrogen in the cold. 5 

1 Kc.agliarmi am! Be-rtiOmni, (lazztll'i, lillli. 46 , ii, . r >l. 

2 Pant and Amberge-r, fl/r., 1905, 38 , l.'tsS. ( '.-m|..i m J.iuuae.di and Itoslo.-ky, //>/-., 
1904,37,2411; Jannnsch and Bi-Ugi-s, Utf., 1004. 37 , L’JIO. 

3 Moieesan, .-Inn. Vhint. I'lni*., 1891, [vi|, 24 , ‘J4ti. • 

* Keeiser and Brceet, Amer. Chan. J., I8U4, 16 , 20 . 

* F. C. Phillipe, Amer.’ Hunt. J 1894, f 6 , 255. • 
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• When palladium di^hloridc is dissolved in water, anti Immdnia 
kidded in sullicienl excess to dissolve the llesh-ei loured |)reei|ift;de the 
(l : iiiiiiii(iniiil<\ l'drt 2 .‘J\H ;) ,jiiiiA r he ohlnined rj n'prccipil;«J e by diluting 
with n hirer vijlume of watcrjind neidu^diit with hydroehlorie iff’id. 
II m:i\ lie dried :d, 110” to I®) 1 C., nnd # haif been used for the dclcr- 
iiiin.ition of the atonTic weigh! of palladium (see |). ISO). Density -'A. 

The flihjiilralr, i’dt'L/JlI./), is obtained by crystallisation from the 
solution obtained by dissolvin'; palladium in hydrochloric acid contain¬ 
ing free chlorine, or in aipia*rcgia. In the hitler < tse the solution is first 
evaporated with hydroehlorie acid in order*to expel till the nitrogen 
products. % 

The salt crystallises as a brown, hvgroagopie mass, which undergoes 
decomposition in excess of water, yielding a precipitate which possibly 
eoulaius an oxychloride. Carbon monoxide 1 passed into a solution of 
palladium dichloride (fl'rcls its deeolorisation, precipitatin'; the metal 
as a black powder. The dilute solution is also completely reduced by 
hydrogen in twenty-lour hours at ordinary temperature.'" 

Dichlor-palladous Acid, II.dMC'!.,(<HIOn adding a silver still toa 
solution of palladous chloride a precipitate is obtained, not of silver 
aui'dikvi'ide, but of a complex compound *>f composition IMl'I.,.‘2Ag( )l I or 
| IMCljfl)lI) a |A i; 2 . It seems possible, therefore, that palladous chloride 
can, in aipieous solution, act like an acid, yielding the ions ; 

Oil' 

l‘dl I.,: | 2ll\ 

" Oil' 

In addition to the silver stilt, the lead and thallium derivatives, 
|rdri.,(nll),|l*b.l>b(OU), and |lMtT(()in,|Tl s respectively, have also 
been obtained. 

All three salts are hydinlyscd by hot water, the silver s;iIt being the 
least .sensitive. -1 

Tt'lrucMor-ynUiuUlcs. Md'dll., 

l'alladium diehloride combines with, chlorides of certain other 
metals to yield vhliir-jmUmliU's, of general V."uiulu MJ*dO,. These are 
analogous to the ehlor-platiniles, A1 _.«*!< I,. the potassium skVs of the 
two series being isoniorphous. ( 

Potassium Chlor-palladite, KJ'dt'l,. the most important salt of this 
series, is readily obtained by concentratin'; a solution of palladous 
chloride with excess of potassium chloride. 1 " 

Insoluble in absolute alcohol, the crystals readily dissolve in water, 
yielding a reddish brown solution. Heated to 100” they still retain 
some water, and begin to decompose at 10a (’.. a fact which renders it 
dilVieull to oblaiit the crystals in a perfectly dry condition. At red 
heat, potassium chloride and metallic palladium are formed. 

When boiled with a persulphate in-tlie presence of hydroehlorie acid 
potassium ehlor-palladate. K 2 lMt'l 6 . is formed. The boiling olution 
is reduced by alcohol and by sulphur dioxide. With ammonia, an 
ammuuiatc is produced. 

1 (Jon', Cht'M. Sac*. ISS3. 48 , 29.1. »Ve iMiuiu, Monatsh., 19UG, 2 J, It ; I’otaiu and 
Pronin, Oompt. rend,. 1898. 126 , 938. 

3 Ooro. loc. ctt. : Phillips, _twi»*r. ('turn. .1 1894, 16, -5.1. 

1 Bollnooi and Osaris, 190S, 83, ii, 002. 

* Sot* Wollaston, Ann. Chirr?, Phy ?829, 41, 413; Nordcnskiold and Bode trig, 
/j inch. Kryst.. 1877, I, 73; Joannis, Compi. rend., 1882, 95, 295. 
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Amor. on4um Chlor-balladite, (Nil iblMClisobtained in nn nnulopui.^ 
manner o the pofassilun sail. 1 ami i • iiilcivsliuo since if yields. upoi^ 
liertim; in li-'drooi a, : i residue <-f spongy pall.'diem in a condition 
I ini', ieiilarl v snilalile lo-o.l lytic iiel i\i' v.. ' 

Tile sail \icldsoliw j ell p-'isms. si Millie ill Miller illll insoluble in 
ill -si ilnl e alei »ln i|. 

Caesium ChW-palladite, tsJMCI,. is precipitated on inixino <■«m- 
eentrated solutions of ca-siimi eliloride and |>allailt>us elilnride as a li;;hl 
brown dejiosil. which upon rccryslallisali >n from hot water yields 
needles of .lie same colon*-. 1 - 

• Rubidium Chlor-palladite, KbJMCl,. pn pared i;. an analogous 
manner to (lie precedino sail - crystallises from hot .Vatei in Ii■ 111 brown 
silk-like needles. 

The rlilnr-piilltiililtx of the follow ills' metals have also been prepared : 
.vii ilium . 3 Na.l’dl I ,; ruliiiwi;' CalMCI, : barium . 1 Ual’dCI, ; glurinum.’' 
(;iiM(i,.iiiiJ) ; ititi^iirxiiini. 1 Mel’dtl,: 'ini '. 1 /nlMCI,: iiiiliiiiiiiii , 1 
CdlMCI,; iiJuiniiihoii,-' AllMCb,. toll A): ;//< 7 iy 7.' NilMCI, ; iimiiitiiiiixr.' 
Mnl’dt'l,. 

Palladium Trichloride, Pdlb. is oblained in unstable soluli ■ In- 
dissobini; the brown hydrated sc iniuxidc in hydrochloric acid." 

Palladium trichloride is also lormed durinif the net ion of ehlorn.e 
upon the diehloride. It is not formed dnriiio the iidiielii.il of the 
hexacli lor- pi ilia dates, AI.IMCI,,. 

I’cnUnhlor-ptiUtuhilcs, M JMCI,, 

When the sesipiioxidc. lMd ) ;i . rl IJ). is suspended in ether in the 
presence of rubidium elilnride at the lempei lure of ether and solid 
earl ion dioxide, mi i id I erevisli "r<cn er\ si a Is ol f he double sail, Rubidium 
Pentachlor-palladate,-HbCI. I’d( I. or libd’dt l r ,, are obt;: : n* d. (Vsiiini 
y ii Ids an aiialneniis s;dl. Cs.d’dt |.. In the foi m of i lark ;*i > *i ervsl als. 

Hot h salts decompose in contact with water. In,- eorrcsponditio 
telrachlor-palladites, ItbdMtl, and Cs.,IM( I, respi elively. Iieino ob¬ 
tained. '• 

Potassium chloride, io .* ..nilar eireumslanei , does not yield a 
penlaehlnr-pallndiile, but. only Jin* t< I raelilor palladlle. K-IMC!,. and 
the (loifble salt, l’dt I.,, IKCI. 

lie,re Iiliir-pallinliilcs, M 2 1M('I 0 

Although palladium tetrachloride. IMCI,. ana,’icons I * platinie 
chloride, PH I,, is not known in the free s|ale, salts known as titlor- 
piilliitluU'x, MJ’dCI,., eorre^ioiiiline o>. a.id isomorplioiis with, Ihe 
ehlor-platinates. M.,PtVI # . Uivc burn prepared, 'liny are mueii less 
stable than the. plat..linn derivatives, but the fuel that, they -mi exist 
at all. when nickel yields no such compounds, affords an inlet' s! mo 
link P'-tween palladium and platinum, ami further jusldir, the i111. *•- 

1 Gode 1 Tr*y, ./e/o, Is/ 1 ., |s7ii, p. --I); IX 7 S, p. 7117 . 

3 Gutliif-r ami K» ll. Il-r„ lt‘U.7, 58, 7:i>.7, 

3 Wollaston, Anti, t'/iiitt. /‘/-e ., Isjtl, 41, llll, 

* tfona.f-rlf, Aiitmhn* Is,'ll 1. 19, Xni, 347. 

Wclkov, Ihr.. IS 7 -I, 7, Us, mu.’. • 

* Wohler and Martin, Znltiji. tinorj. Vhtm., 1 90S, 57, UUS. 

* • 
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mediate position of palladium between nickel land plaliifmji in -the 
*1 liiifl vertical column intiroiy) VIII of the Pcriildic Table. 

Potassium Cljor-palladate, K,1M('l (i . Tliisfis the most important 
sail of (lie series, and is*coiJyrnicntly nhbtfncd by passing eliloeinc 
through an aqAeotis, salurut J1 solution")!' kolassium ehlor-palladite. 
The same sail is produced of|dissol ving palladium in aqua regia or in 
water saturated with hydrogen chloride and cliloriny, and adding a 
saturated solution of potassium chloride.' The liqffid is evaporated to 
dryness, the residue washetk with potassium chloride solution and finally 
with ice-water. Scagliarini and Uerli-Oroni 1 * 3 4 * prepared it by warming 
the ehlor-palladite with potassium persulphate in the presence gf 
hydrochloric acid. '■The salt precipitates imt on cooling. 

The crystals obtained in this way are red in colour, and isomorphous 
with the corresponding ehlor-platinate. Density 2-733. On heating 
they turn black, but regain their red colour on cooling. They are 
readily reduced on warming in a current of hydrogen gas, whilst ignition 
converts them first into the ehlor-palladite and finally into potassium 
chloride and metallic palladium. 

Potassium ehlor-palladate dissolves in water, but is only slightly 
solujjje in ice-water, and is insoluble both in saturated potassium 
chloride solution and in alcohol. The aqueous solution undergoes 
partial dissocial ion, and on boiling with excess of water, potassium 
ehlor-palladite is formed. Aqueous hydrochloric acid dissolves the salt 
without decomposition, whilst ammonia converts it into an anmioniale. 

Caesium C^lor-palladate, (.'s,PdCl 0 , may be obtained" in an analogous 
manner to flic potassium salt, namely, by chlorinating an aqueous 
solution of ea-sium ehlor-palladite. A brownish yellow crystalline pre¬ 
cipitate results, which is very stable and almost insoluble in cold water. 
On boiling with water chlorine is evolved ; it attacks ammonia, evolving 
nitrogen; concentrated sulphuric acid when warmed with the salt 
causes an evolution of chlorine and hydrogen chloride'. 

Rubidium Chlor-palladate, Kb.d’dl'l,,. t his salt is obtained :i as a 
yellowish red precipitate in a similar manner to the preceding salt. 
Insoluble in cold water, it is decompose^ by boiling water, and in its 
other properties closely resembles tin. ea sftvp analogue. 

The chlor-palladtfies of the,following metals have been described : 
,”>im<eiitim* (Nil,)., PelC'l 0 ; glucinwirP tilPiltT,,. .Si I..() ; magnesium,* 
MglMCI,,.1111,0; ;/m\' Zn 1UC IfilIJ); nickel* NiP(In u .OH..ti; man¬ 
ganese,* MulMC’l,,. (ill.,0. 


” ‘ PALLADIUM AND BROMINE 

Palladous Bromide, Pilllr., is produced in small quantity by the 
notion of bromine water upon palladium. ‘It is more easily obtained in 
bulk bs the action of a mixture of hydrobronne find nitric acids noon 
the metal. 6 The nitrous acid is rembved by boiling with excess of 
liydrobromicaeid. Upon evaporation tin* salt is obtained as a ruddisli 

1 Soe Croft, Chew. AYtw, 1867, 16 , 53 ; Topsiio, Jahnsbcr.. 1870. p. 3911. 

3 Scagliarini and Berti-Ooroni, (iazzrtta, 1916,* 46 , ii, 51. 

3 (luthier and Krcll, Tier., 1905. 38 , 2385. 

4 Topaoo, J\ihrcabcr. t 1870, p. 395. 

8 Welkow. ffrr.. 1874? 7 , 38. 803. 

• Bonsdorff, Fogg, Annaien, 1830, 19 , 336, 347. 
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brown rinsoluble in water. but soluble in aipieous hydrohromie 
acid 1 mi, il in Mleoliol.j Ammonia converts it into the diamnioinale t 
f'li’.Uitli'siimini'if tlihnu, /(/<■, IMIir,.'J\lI 

li'iwi mlhiilHi .v, ’ i! d Mlir, 

With bromides of the alkali metals pa’ladons b omide yields pallnthi- 
hriiiniihw or brttw piilLulitrx. of general Tornmla MJ’dBr,, analogous to 
the elilor-palladilcs already considered. 

Potassium Brom-palladite, Kd'dlir,, is obtained 1 by dissolving 
e(|iiiva!enl weights of I he bromides of potassium and palladium m 
Water containin'; hyilrobroniie acid. Upon evaporation Hie anhydrous 
sail crystallises in reddish hmwn needles, which me yen stable. 

Digestion of the aipieous solution of this sail with bromine at a 
temperature not exceed ilia TO ('. yields the ililn/dnilr. KjlMltr.j.-lUO, 
which separates out in Iona, dark brown, shinin'; needles. These upon 
exposure to air rapidly lose their lustre and aeipiire lhe reddish brown 
colour of the anhydrous salt. Owing to tic rapidity with which 
tiny lose their combined water, complete analysis of the crystals is 
< I i II) i*ii 11. 

Ammonium Brom-palladite, (NilI'dlSr,. may be prepared in a 
similar manner to the preceding salt. Its crystals are olive brown in 
colour, anhydrous, and verv stable in air. They readily dissolve in 
water. Upon ignition a residue of palladium sponge is obtained. 

Caesium Brom-palladite, UsJMItr,. is precipitated as a dark brow,, 
mass on mi.vino concent rated soiut ions of ce sium bromide and pail 'dons 
bromide.- Upon reerystallisation from dilute hydrogen hromide solu¬ 
tion. line reddish brown needles are obtained, w hich are anhydrous, and 
very soluble in water. 

Rubidium Brom-pailadite, Hb,i’dl!r t . is obtained in a precisely 
similar manner to the cesium salt,- Il \ ields similar needle-shaped 
crystals, which are also reddish brown in colour. 

Sodium Brom-palladite, ti.NiolMBi ,-tdUO. has lurii obtained 1 by 
eoneen I rat ing mixed solid ions of the oromides of sodium and palladium 
over sulphuric acid in an e\aeiieled desiccator. It separates out in 
I a rye. deep red plates win I. are xcecdiiigly deliouesi enl. 

HroAepalladiles of Barium, 3 lialMBr, ; Strontium, 2 SrIMlir, ; 
Manganese, 1 and Zinc, 3 have afto been described. 

• 

Hruni-jifill.iiltilr.s, M.d’dlir,, 

Although palladium tetrabromide is not known, eompounds of the 
type M.I’dllr,;, termed liruin-piilliuhili ,v. have been prepan . 1 . Of these- 
t he most important is : 

’Potassium Brom-jpalladate, KjlMBr (i . which is precipitated from a 
solution of potassium 'irom'palladde on parsing through it a current; of 
bromine vapour.*’ it also results on oxidising a solution of lee brom- 
pallaijile with potassium persulphate in the presence of hydrohromie 
acid,' It crystallises in beautiful blnelc oetahedra, v liich dissolve 
sparingly in water, yielding a reddish brown solution. ' • 

Boiling water u*nd hot eonceutrated siilplmrie acid each decompose 

* 1 K. F. Smith and Wallace*. ./. Awr. t'hnn. Sor., 16 , 

i Guthicr and Krell, Ik 38 . ..‘’•''5. * 

3 Bonsdorfl, l*ngg. Atinabn, 1830, 19 , s 

* Scaglinrini and Berti-Oroni^ (Jazitthi, 101 fi. 46 , fii], f*l. 
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l hr salt, bromine being evolved. Ammonia is immediately aecfniposed 
L>y it. with evolution of fiitrogcn. 

Ammonium Brom-palladate, (NIf 4 ) 2 PdBr„, il obtained in a similar 
manner to the preceding salt, ilr-eold solutions being employed. 1 'Pile 
salt crystallises In lilaek. regul/r octahedra, wjiieh are stable in air and 
sparingly soluble in tcold wafer, yielding a reddish brown solution. 
I'pon healing in a dry tube, bromine vapour is ;it first evolved, 
ammonium bromide next, sublimes, and a residue oT palladium sponge 
remains behind. Towards toot water, sulphuric* ,-eid. and ammonia the 
salt behaves in an analogous manner to the preceding salt. 

Caesium Brom-palladate, Cs 2 PdBr c , and Rubidium Brom-palladate* 
RhglMBr,, have alsoPbccn prepared. They^esemblc the potassium salt, 
in appearance and general properties. 1 

PALLADIUM AND IODINE 

Palladous Iodide, Pd I,.— Palladium is stained by iodine solution and 
tarnished by iodine vapour, whilst a certain amount of combination 
between the two elements takes place when they are heated together, 
if the metal is in a finely divided (tondition. Palladium is slowly 
attacked by a mixture of nitric and hydriodie acid. In each of these 
cases a little palladous iodide is produced. 

A convenient method of preparing the salt consists in adding 
potassium iodide to a slight, excess of palladous chloride solution, 1 
when it is pi/vipitatcd as a black mass, readily soluble in excess of 
potassium iodide. When dried in air it contains one molecule of wafer ; 
heated to BOO BOO" 11. it decomposes, evolving iodine. In order to 
remove the last traces Of iodine, however, it is necessary to heal to 
redness in a current of hydrogen. 

Ammonia converts palladous iodide into the diammonialc. 
Pdlj.BNIL,. Although insoluble in water, alcohol, and ether, it 
dissolves slightly in hydriodie agjd, and easily in aipuous potassium 
iodide, yielding : 

Potassium Iodopalladite, K ; PdI 4 , ohich, upon concent ration, 
crystallises out as hlark, hygroscopic cubes." 


PALLADIUM AND OXYGEN 

The exislenee of live oxides of palladium has at various times been 
postulated, namely, the mihoxide, Pd,0 ; penta palladium hr.niritlc, 
PdjOj; the monoxide, PdO; the dioxide, Pd0 2 , and the sesquioxide, 
Pd.O;,. 

The suho.ride, Pd.O, was believed by Derzeliu;! to be formed during 
the superlieial oxidation of palladium and to cause the play of colours 
exhibited by the tarnish. Kane 3 and .Wilm 4 both believed that they 
hi}(l obtained the suboxide, but in 189? Wilm 5 showed that, Iji his 
experiments, oxidation had not been carried to completion, otherwise 

1 fintliirr nnd Krolt, Her., 1005, 38 , 2385. 

2 [.assnipip, J. ('him, tnM., 1833. fi], c) 417; 1835, [iij, I, 57 ; 1838, pi], 5, 34t>; 
1851. |iii], 7 , 1-13; Crumpc. Her., 1871. 7 , I72t, 

11 Kane, Phil. Trank, 1843, p. 370. 

< Wilm, Her.. 1883, 15 , 2335.' 

» Wilm. Her., 1802, * 5 , 220, 
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! in- moiljixtde would have been formed. In view of (his it seemed unlikely 
that tlu*suboxide exijts. and this is supported bv Wohler and KdTiij». 1 

Schneider '- helic\.ld he had obtained the oxide l’dd),., bv fusing 
th* double palladium potassium sulpliyle with sode m hydroxide and 
potassium nit rate. It isjverv doubt In I, *n iwever. i. t his is to be rewarded^ 
as a separate chemical entity. B 

Palladous Oxide, 1’dO. Palladous oxide was obtained by lter/elius 
by strongly bcatifi" ]ialladimn amalgam. by preeipitatinir palladous 
salt solutions with alkali, as well as bv In i 11 a r metallie palladium with 
alkalis.' 

• Palladous oxide is also obtained in the anhydrous condition by 
heat ill" palladous nit rateto a lii"h lemperatuo, bn! the simplest 
and easiest method consists in hydrolysing a faintly acid solution oi'the 
nitrate by boilin" with water . 0 

When palladium is heated to dull redness in oxygen palladous oxide 
is formed. Hut it is dillieult to oxidise the metal completely bv this 
method owina to the snilcrini; of the metal, which renders oxidation 
slow. Palladium sponee is most suitable for the purpose, and should 
be heated in pure oxygen nt temperatures rising slowly from 700'’ ('. to 
Sltl’f.’ 

The colour of palladous oxide varies according to its method of 
preparation. Prepared by the action of alkali upon palladous salts in 
a*pinais solid ion. it has a yellow ish brow n colour w hirl; becomes 
darker on prolonged boilin". The product obtained by the hydrolyl' 
decomposition of the nitrate is almost black, and it mu well be It,at 
I he extent of hydration is responsible for these changes. 

Air-dned specimens contain rather mere water than corresponds to 
one molecule; when heated on the water-bath the residual water corre¬ 
sponds to about two-thirds of a nv.lecuie, but the last traces are not 
removed even at At Ml C." 

'The freshly precipitated oxide is readily soluble in dilute acids. 

It is reduced by hydrogen in the cold, evolvin;' so nu.. h heat that it 
becomes incandescent. 

The dissociation of palladous oxide has been studied by Wo),' r. H 
who shows that it deroy.^ises when heated, \ i. 1 d, 11 yr palladium a',id 
oxyeei^»the reaction bciii" reversible ; 

• Pd(K- l'd I 0, 

• 

The dissociation pressure of palladium monoxide at S77° C. icaches 
700 mm. • 

Hydrated Palladium Scsquioxide, Pd a O ;l ..rII/), is cnnvenieiilly 
prepared 0 by electrolytic oxidation of palladous nitrate. This is 
effected by coniine a concent rated mint'on to ,H' ('.. and elect roly sinu< 
with a current density of^O-5 amperes per sep on. It may also be 
obtained by oznnis : .u£ a solution of palladous nitrate. 

1 Wohler anti Kdnig. Z<H«h. uiiory. 46, 6L*3. 

2 •‘vdinrider, 7*'"/;/. Annulm, 1.V70, 141 , hl'.i. • 

••Wohler rtivl K on ip. b,c. nl. 

4 lVrzt’liuH, Srhtrtu/ffr'H J 1813, 7 , 66 ; J’uijfj. Avnnhv , I 823 < 3 , 4o4. 

6 Fischer, 1 V/y. A vnafan, 1X47, 7 i, a F»l . 

* L. Waller and Konig, Zfitsch. awry. < '/nm., IlMi.1. 46, 3 w!’. 

7 Wohler, Zfiitsfih. Eh-Mrochtm I 00 . 7 % ii f 830; U’ilm, Unit Soc rhhn., 188.'!, [ii], 38 , 

611 ; lift.. 1802,25, 220. • # 

* Wohler, Zfitech. Elfiktrorhtm 1006, 12 , 781 ; 10fl/>, 11 , 836. 

* L. Wohler and Mat Lin, Zeitsch. nnd%g. fcfam., 160H, 57 , 60S. 
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Tin■ hyilrnlfil sesquioxide is thrown out as a mown ^prfcipitnte 
frliieh may lie washed qaitc |airc with ice-cold water. It is Unstable. 
•Tidily soluble in # hydrochloric acid, yielding Jan unstable solutitm 
containing |>;iIl.idi■ ini Irichhfride. 

Hydrated Palladium Dioxide, Pd0 2 ..rn a (). may be obtained, more 
•or less contaminated ifcitli alkali by decoiii|Josiifg a solution of potassium 
palladale with a slight excess of potassium hydroxide. 1 , 

'I’he brown precipitate is washed with hot wat*r and dried over 
concent rated sulphuric aei(|, The product thus obtained lias oi.e or 
two molecules of combined water according lqcircumstances. 

MaiUcrl - prepared palladium dioxide free from alkali bv the action 
id ozone in the coition palladous chloride in dilute alkaline solution. 

I he pioduel, however, contained traces in basic salt. The reaction 
probably takes place according to the following equation : 

NaJMCI | I •-'XaOIl* |- ()., | 11,0 tXaCl | ().. -| PdO,.-.'!!/). 

I'eidie and Quenne.ssen 2 prepared tlic dioxide by treatment of 
palladium sponge with sodium peroxide, but. unfortunately were unable 
to isolate it. 

It *4 best prepared by electrolytic oxidation of palladous nitrate in 
arid solution. This is eflceted by cooling a concentrated solution to 
N T., and effecting elect rolvsis wit h a current, density of ()■!> amperes .'em. 2 
At lirsl. the sesquioxide, Pd.O.,., 1 1M), is formed, but bv continued 
elect rolvsis the dioxide is ultimately obtained. 4 This, curiously enough, 
is not a rcsul£..ol direct oxidation, hut one ot decomposition followed 
by oxidation, the sesquioxide splitting up into the dioxide and mon¬ 
oxide. the latter dissolving in the fret 1 acid ami undergoing oxidation 
again. 

Palladium dioxide obtained bytlte method of llcrzi bus is a bright 
blown precipitate which gradually becomes dark brown in the cold 
but black on boiling with water or treatment with dilute acids. The 
water conlcn't va.ries considerably, but when dried over sulphuric acid 
to the point at which it. becomes powdery it. retains two molecules of 
water. Prolonged drying may reduce Id’s to one molecule, which, 
however, is held very tenaciously.* PnllmfiYi.n dioxide is not. a very 
^stable subslaiiLv. \\ fu n Ircshlv prepared it is decomposed by boiling 
■\vi\n water, yielding the monoxide. It is reduced by hydrogen fit. the 
ordinary temperature, evolving so much heat in the process that the 
mass becomes incandescent. 

Hydrogen peroxide reduces it both in acid and in alkaline solution. 
It oxidisys oigallic substances when boiled with their solutions. 

Palladium dioxide ennnet exist.in air at temperatures above ■.'00' C. 
as it decomposes according to the equation : 

Pd<), PdO I- o. 

The reverse reaction takes, place too slowly to be observed. 15 

1 HorzoiiiiH, Pogij % Annalm, 1828, 13 , 154. 

- Mail fort, Compt. mid., 1882, 94 , S 00 , llSfi. 

3 ami Qurnufsaon, Bull. Soc. chi in., 1902, 27 , 179. 

* 1,. Wohler unit 1''. Martin, Xeil.ich.anorg.Chnn.. I IMIS, 57 , :t !)8 : based on F. Wiililer's 
method. Annnhn, I SOS. . 46 , 375. 

6 Wohler , Zcitecii. KlcktrochcnA, 1905, 11 , 890. 

fl Wohler and Konig, Zeitsch. anorg. Chem., ’905, 46 , 329. 



PALLADIUM AND ITS COMPOUNDS 


003 


PALLADIUM AND SULPHUR 

9 Palladium Subsulphide, IMS. This sulphide ha', been prepared by 
heating to bright redness a mixture of palladous setplpde (I part) with 
ammonium chloride ((1 ||nrb ). sodium hydroxide (12 parts), and (lowers* 
ol sulphur (12 parts). The product is washed with cold water. 1 

Another mftljpd consists® in i«j;nitin<* palladosanunine chloride, 
1 M('I.,. 2 NH ;i , with 25 per cent, of its weight of sulphur in a crucible 
under a Inver of borax, at the temperature at which gold melts (,-imr 
10112 'C.). 

* As obtained bv these methods palladium suhsiijphidc e. a hard, grey, 
metallic looking mass. v iS! a granular fracture. It is amorphous ; 
density 7 :i ; and it is soluble in aqua regia. 

Palladous Sulphide, Palladium Monosulphide, IMS, results on 
heating together sulphur and ammonium chbir-palladale 3 ; it is also 
formed 1 by passing pure hydrogen sulphide over palladosammine 
chloride at 70 ° to 80 C. The mass becomes black, and at higher 
temperatures ammonium chloride volatilises, leaving a residue, insoluble 
in individual mineral acids, but soluble in mixtures such as aqua regia. 

As obtained in either ol tin- foregoing ways, palladous sulphide is a 
hard, metallic-looking substance, melting at approximately !> 50 "('..and 
insoluble in all ordinary solvents. 

On passing hydrogen sulphide through a solution of a palladous 
salt, a dark brown precipitate is obtained, w hich is presumably allot la r 
form of palladous sulphide.'* It is insoluble in ainnhnium sulphide 
and in hydrochloric acid, but it dissolves both in nitric acid and in 
aqua regia. When healed in air, a basic sulphate is produced, whilst, 
hi chlorine palladous chloride is foryied. I’o' issiuin cyanide gradually 
effects its solution. With sulphides of the alkali metals, \ul]>lw- or 
Ihin-prilhiditf.'i, ,\I 2 1 M ; ,S ,, are form* d. 

Potassium Thio-palladite, K ,1 is obtained ’ as he* agonal-needles 
on heating to redness-a mixture of ,1 part of pulkuUus sulphide with 
12 pints of a mixture containing caustic potash and sulphur in equal 
proportions Ext racl ion he melt with water leaves a residue of 
crystalline thio-palladiti-T The crystals arc ins> hihle in water, violet- 
blue in colour when moist, but metallic grey when dry. They d' soj^r.. 
with decomposition, in hydrochloric acid. 

TITe aqueous solution of potassium Ihio-palladitc interacts with one 
of silver nitrate to yield insoluble hexagonal lamella- of Silver Thio- 
paUadite, Ag 2 Pd :) S.,. _ . 

Palladic Sulphide, Palladium Disulphide, IMS,, has been prepared 1 
bv igniting at bright red heat a misjurc of ammonium ehlor-pnllndale« 
(1 ]»art) with siilpimj (12 fSirts) and sodium hydroxide (12 purls). The 
chlor-palladatc mav toe replaced liv palladous sulphide. The product 
is treated (irst with alcohol and then with dilute hydrochloric acid, 
when* the disulphide is left as*a dark brawn crystalline powder, which 
readily dissolves in aqua regia. Exposure to air does mil. affect it, out 

1 Schneider, Pogg.nfnnalcn, 1870, 241 , 519. 

1 K. Remaster, Zr.itreh. anorf. Client. 9 1895, 9 , 31. 

3 Vauquelin, Ann. Chim. Pin/*., I8!3, ft}, 88 , I SI. 

* Smith and Keller, Ikr., 1890, 33 , 3373. 

s Petrenkn-Kritachenko, Her., 1893, 26 , 279; Rrvzeliiu, Pujg.'Annnhn, 1828, 13 , 
454; Fcllenberg, iliiJ., 1810, 50 , 01. 
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ignition in an inert gas causes the loss of sulphur. With stslpjiides of 
t'lic dikali metals, double sulphides are formed, known generally as 
s)iljiht>- or thio-pallqdalcs, and having the general ^formula,M 2 PdS 3 . 

Potassium Thio-palladaie, KJMS.., -)- K,S, is obtained'mixed with 
palladium on redtiieifig potassium thiopalladile in a current of hydrogen. 
'Extraction with water leaves ^metallic palladium, whilst the solution 
contains potassium, palladium, and sulphur in proportions corresponding 
to the formula 1 K 2 l ) dS 3 .K 2 S. 

Sodium Thio-palladate, Na 2 PdS 3 .—On heating to redness a mixture 
containing equal parts of sodium hydroxide aryl sulphur with one-sixth 
of its weight of palladous sulphide or chloride and extracting the melt, 
with water, sodium vthio-palladatc passes jnto solution, together with 
some sodium sulphide. 1 Interaction with a solution of silver nitrate 
yields a brownish black crystalline powder consisting of Silver Thio- 
palladate, Ag 2 PdS 3 . 

Palladous Sulphite, *Pd(SO,) 2 , is not known. 

Sodium Pallado-sulphite, Na 2 Pd{S0 3 ) 2 .2Na 2 S0 3 , is obtained 2 as a 
white precipitate on saturating a solution of palladous chloride with 
sulphur dioxide and subsequently neutralising with sodium carbonate. 

Ammonium Chlor-pallado-sulphite 2 (NII 4 ) 2 PdCl 3 .S0 3 .2lI 2 0, has 
been prepared. 

Palladous Sulphate, PdS0 4 .2lI 2 0.—This salt may be prepared in a 
variety of ways, notably by heating palladium with concentrated 
sulphuric acid, or a mixture of this with nitric acid ; by heating palla¬ 
dous nitrate with sulphuric acid until all nitrous fumes have been 
expelled ; by 'dissolving hydrated palladous oxide in sulphuric acid ; 
and finally by fusing palladium and potassium hydrogen sulphate. 
The salt yields reddish brown crystals, which deliquesce in moist air. 
Soluble in water, they are decomposed in excess of that liquid, yielding 
a basic derivative, to which-the formula lMS0 4 .7Pd().011*0 has been 
given. 3 

PALLADIUM AND SELENIUM 

Indications are not wanting that a srhdenidc, of formula Pd ( ,Sc, 
may possibly he capable of existence. 44 V 

Palladous Selenide, PdSe.-* Berzelius found that palladiafh and 
SPk.iium unite to form a refractory, grey'selenide when heated together, 
their union being accompanied with evolution of heat. 

lloessler 4 obtained the selenide by igniting pulladosamminc chloride, 
PdCl 2 .2NlI 3 , with half its weight of selenium’, using borax as a flux. 
The product bus a metallic appearance, with a line-grained fracture. It 
melts at a lower temperature than silver (060° C.) without loss of 
selenium even in air. It dissolves'completely in aqua regia, and serves 
to illustrate the observation that solcnides 1 are .Usually more readily 
attacked Joy acids than the corresponding sulphides? 

Palladous Selenate, PdSc0 4 .—Palladium dissolves in selenic, acid 
to deep reddish brown solution which, on concentration, yields a 
mixture of palladous selenate and sclenous acid. Pure palladous 
selenate, PdSe0 4 , results when palladium is dissolved in n mixture of 

* Schneider, I’mjg. Annalen, 1870, 141 , 519. 

* Wohler and Fivriihs, Annalen, 1872, 164 ; 17ft; Wohler, 161 'd., 1874, 174 ,200. 

* Kane, Phil. Trans., 1842, 13 a, 275. 

4 Roouler, Zeilteh. anorg. Ohm., 1896, 9 , 31. 
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selenous' aftd nitric acids. It crystallises in dark brownish red, hygroj 
scopic iliombs, and forms double salts, with ammonium sclensnc or 
sulphate. When warmed with concentrated hydrochloric acid, ehlorinlb 
is evolved. 1 

PALUVDIUM AND NITROGEN 

i • 

Palladous Nitrate, IM(N0 3 ) 2 , may be obtained by dissolving the. 
metal in nitric acid of density 1-35 to 1 1, and cooling the concentrated 
solution, when the salt crystallises out en brownish yellow, ortho¬ 
rhombic crystals. These are deliquescent, and readily dissoh e in 
V'ater, yielding a solution that is not very stable. When heated, the 
crystals decompose, yielding palladous oxide. 2 " 

Although Palladous Nitrite has not been isolated, double salts u, 
general formula 2MN0 2 .Pd(N0 2 ) 2 or M f Pd^N0 2 ) 4 have been prepared. 
The most important of these is : 

Potassium Pallado-nitrite, K 2 Pd(N0 2 )which is obtained by addi¬ 
tion of potassium nitrite to a solution of palladous nitrate or chloride, 
and subsequent boiling. 3 On crystallisation in the warm the anhydrous 
salt is obtained, whilst in the cold the <lilii/drate, K 2 Pd(N0 2 ) 4 .‘Jf! 8 0, 
separates out as yellow, elllorcsvcnl, triclinie prisms.* These arejvadily 
soluble in water, but less so in an aqueous solution of potassium chloride. 
The solution does not behave like one of an ordinary palladous salt 
towards chemical reagents. For example, it. is not precipitated by 
hydrogen sulphide, nor even by mercuric cyanide, until after prolonged 
boiling, a fact that indicates its complex nature. It. j not a simple 
double nitrite, but a pallado-nitrite in which the palladium occurs, not 
in the positive, but in the negative radicle. 

Potassium Chlor-pallado-nitrite , 5 K.PdCl,(N0 2 ) 2 ; 

Potassium Brom-pallado-nitrite ? 8 Iv 2 PdRr 2 (N0 2 ) 2 ; and 

Potassium Iodo-paUado-nitrite, 7 KPdF s (.N0 2 ) 2 . have been prepared. 

Silver Pallado-nitrite , 8 Ag 2 Pd(NO s ) 4 , has been described. 


PALLADIUM AND PHOSPHORUS 

Pa|jadiuui combines*with jThosphorus at Ivjgh temperatures, but 
definite phosphides do not apyenr as tfet. to have been isolated. Simi¬ 
larly,hydrogen phosphide causes the precipitation of a mass, cofiluiffifrg 
both palladium and phosphorus, when pdssed into an aqueous solution 
of a palladous salt. Complex chlorophosphides have been prepared.' 

Palladium Dibromiae Phosphorus Tribrmiidc, I’dBr t .PRr 3 , is de¬ 
scribed as forming reddish brown, deliquescent crystals. 1 '* 

1 Hradecky, Monaiah., 1915, 36 , 289. • 

* See Wollaston, Ann. Vhim’. Pity*., 1829, 41 , 418; Fisojior, J'oyj. Annulen, 1827, 
9 . 250; 1827, 10 , 607; V28, i!, 504; 4880, 18 , 250; 1847, 71 , 481 ; 1848, 74 , 123; 
Kune, Phil. Train., 1842, 132 , 275. 

* Soo Gibbs. Amer. J. Sci., 1862.34, 341; Lung, J. prakt. Chem., 18(tl, 83 , 415; 
PozznKscot and Conquet, Compt. rend., 1900, 130 ,4073. 

* Dufet, Bull. Soc. Min., 1895, 18 , 419. 

* Vilzcs, Compt. rend., 1892, 115 , 111. - - 

* Vczcs and Loisetcur ; see Moiss^n, TraiU dr. Cliimir. Minerale, 1906, 5 , 876. 

* Roscflheim and Itzig, Ztiltch. anorg.fhem., 1900, 23 , 28. • 

» Gibbs, Amer. J. 8 ci., 1862, 34 , 34J ; J. prukt. Vhem., 1864, 91 , 176; Long, ibid., 
1861,83,115. • 7 

* Fink, Compt. rend., 1892, 115 ,170; 1896, 123 , 6(73. 

u Strcckei and Sehadgin, Btr., 1909.42, 1707 
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PALLADIUM AND ANTIMONY 

t 

Palladium readily alloy*, with antimony, an<f the existence of the 
following compounds has been indicated,. Pd 3 Sb, Pd 5 Sb 3 , PdSb, a?id 
, lMSbj. The alloys have no magnetic power, (ind those containing up 
to about 85 per cent, of palladium are characterised by their brittleness. 1 
The compound, Pd 3 Sb, exhibits the maximum brittleness. 


PALLADIUM AND CARBON 

Palladium and rtirbon do not appear fo unite to form a definite 
barbide, although when the two elements are heated together in the 
electric furnace palladium absorbs a certain amount of carbon, which, on 
solidification of the metal during cooling, is given up again as graphite. 2 

Palladium Cyanide, Vd(CN) s , was known to Berzelius, 8 who obtained 
it by decomposition of a palladium salt with mercuric cyanide. It 
also results when palladium oxide is boiled with a solution of mercuric 
cyanide. These reactions afford a useful method of separating pal- 
ladiuuv, from its congeners. When heated in air cyanogen is evolved 
and spongy palladium left. 

Palladium cyanide is very stable; insoluble in acids, it dissolves in 
potassium cyanide, yielding: 

Potassium Palladocyanide, K,Pd(CN) 4 .8ll,0, which crystallises on 
evaporation of the solution. Soluble in water and alcohol, it effloresces 
in air, and ati00° C. loses two molecules of water, yielding the mono- 
hydrate, K i Pd(CN) 4 .II 2 0. At 200° C. it becomes anhydrous. It is 
isotnorphous with the corresponding platino-eyanide. 

Ammonium Palladocyanide is Slot known, palladosarnmines being 
obtained instead. 

Sodium Palladocyanide,' Na 3 Pd(CN),.311,0, is prepared in an 
.analogous manner to the potassium salt. It also yields a monohydrate, 
Na 8 Pd(CN) 4 .H 3 0. 

Pallado-cyanidcs of barium, BuPd(CN) • .411,0 ; calcium, CalM(CN) 4 , 
4H,0 ; and magnesium, MgPd(CN) 4 . tfI,0, «gve also liccn prepared. 1 

Palladium Thiocyanate, Pd(CNS),, results as a brick-red precipitate 
on«:tiding the requisite quantity of potassium thiocyanate to a sqlution 
of potassium ehlor-palladite. *It is soluble in excess of the thiocyanate,® 
yielding Potassium Pallado-thiocyanate, K,Pd(CNS) 4 , wluch crystallises 
out in red needles upon evaporation. 

PALLADIUM. AND SILICON 

On heating an intimate mixture of palladium and crystallised 
silicon tq, about 500° to 600° C. combination ensues*with incandescence 
and fusion. The melting-point falls from 1587° C. (m.p. of Pd), to a 

I Sunder, Ztitxh. anorg. Chem., 1912, 75 , 97; Rocssier, ibid., 1895, 9 , 55. 

1 Muiuan, Otmph mot., 1896, 123 , 16. • 

* BereeUus, Pogg. Annaten, 1828, 13 , ,461. jSeo also Folding, Annaten, 1841, 39 , 
110; Ramihelsberg, ibid., 1838, 28 , 216; 1‘ogg. Annaten, 1837, 42 , 137; '•Wollaston, 
An*. Chim. Phyi., 1829, 41 , 413. 

4 H. Roasler, ZeUeekf Cheat., 1866. 9 , 175. • 

4 Belluooi, Atti ’ ft. Acead. tincei, 1904. 13 , ii, 386,- OaztcUa, 1905, 35 , i, 343; 
Kent, Ohem. Neuu,WH, 32 , 242. 
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minimum %f 670° C. upon addition of silicon, the minimum correspond¬ 
ing to Gspcr cent. Sj. It then rises to 1100° (A with further additmn ot 
silicon up to 11-76 j(cr cent, and corresponding the composilioh 
PtijSi. The melting-point again falls to If minimum of 7.10° (\ with 
1C per cent, silicon, and rises to a maximum of 990° C. «vith 21 per cent. 
Si, corresponding to Pdfei. This is followed by a third minimum of 
825’ C., after which the mclting-|x>int rises to that of pure silicon, 
namely, 1131° C. • 

Palladium Monosilicide, PdSi, is obtained as brilliant bluish grey 
fragments on treating any Pd-Si alloy, containing above (!() per cent, of 
silicon, with dilute potash. The free silicon dissolves, leaving the 
silieidc as residue. Density-:?] at 15° C. c 

It is attacked when heatect in chlorine or fluorine. In air it tarnishes 
at dull red heat. Cold nitric acid and aqua regia attack it ; caustic 
alkalies slowly act upon it; whilst hydrochloric and sulphuric acids 
are without action. 1 

Palladium Subsilicide, Pd 2 Si, has not been satisfactorily isolated. 


Detection and Estimation of Palladium.— See Chapter X. 
1 Lebcau and Joliboix, Corn pi. rend., 1008, 146 , 1028. 



CHAPTER VH 

OSMIUM AND ITS COMPOUNDS . 

•• 

OSMIUM 

Symbol, Os. Atomic weight, 190-0 (0 = 16) 

Occurrence and History.— Osmium occiftin nature alloyed with 
iridium as iridosmine or osmiriilium, which is found as irregular flattened 
grains and, more rarely, as hexagonal prisms. It has a metallic lustre, 
tin-white to light steal-grey in appearance; hardness 0-7; density 
10-0 to 21-12. 1 It occurs in Choco, South America ; in the Urals ; in 
auriferous and other drifts in New South Wales; in auriferous beach- 
sands of North California; and also in gold washings of certain 
Canadian rivers. 1 

Tht following analyses 2 of osmiridiiRii arc typical : 


Source. 

Ir. 

Rb. 

Pt. 

Ru. 

0 ». 

Cu. 

Fe. 

N. Grenada »* 

70-40 

12-30 

0-10 


17-20 




57-80 

0-63 

— 

6-37 

35-10 

0-0(5 

0-10 

California . 

53-50 

2-60 

— 

0-50 

43-40 

— 

— 

Australia . 

58 "13 

3-0,4 

— 

5-22 

33-40 

0-15 

• 

Romeo 

58-27. 

2-04 

0-15 

— 

38-04 

— 

— 

Urals . 

f 

77-20 

0-50 

M0 

. 

0-20 

21-00 

trace 

— 


Osmium was first identified as a new metal by Tennant, 3 who 
derived its name from the Greek smell, on account of the 

odour of its volatile .tetroxide. He at first proposed to call jii pteue, 
from wTtvos, volatile or winged, but fortunately this name was not 
adopted. , * 

Preparation. —Osmium may be isolated* in a fairly pure state fiom 
the distillate, rich in that metal, obtained during the process of extract¬ 
ing ruthenium from osmiridium (see p. 130). The distillate is redistilled 
and collected in aqueous ammonia. Saturation with hydrogen sulphide 
yields a precipitate of the brpwn t -trasulphidc, OsS 4 , which is separated 
by filtration and heated in a closed carbon crucible to a high tempera¬ 
ture, 4 when the osmium is found on the upper jiart of the crucible as 
a brilliant metal, bluish in colour, somewhat resembling zinc. 

Osmium may also be obtained in an amorphous, but pure; con¬ 
dition by reduction of the vaporised tetroxide, Os0 4 , by passage 
through a red-not porcelain tube together with a mixture of the 

I « 

1 Dana, A System of Mineralogy (Wiley and Sons, 1900). 

* Devilleand Dobrax, Ann. ('him. Phys., 1859, 56 , 385. 

5 Tennant, Phil. Trans., 1804. |). 411. 

* According to Devilleand Debray, to the melting-point of nickel (1452° C.) or rhodium 

(1807” C.). - 
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um.Mue an* monoxide of carbon. 1 The osipium separates out qs a. 
powder. t; . 

jOther methods consist in reducing aqyfous sob-lions of osmiunt 
tetroxidc with an alkali formate, 8 when the metal is precipitated as a 
blue powder; by decomposing acidulated solutions of'the tetroxidc 
with zinc 3 or with mcrcuijjb 4 ft 1 which latter case the resulting amalgam 
is distilled. 

Osmium may’be obtained in a crystalline form by heating to redness 
with seven or eight times its weight of tir in a carbon crucible and 
allowing to cool slowly. The osmium separates on solidification and 
nyiy be isolated by treatment with hydrochloric acid, which dissolves 
away the tin. 5 • 5 

Recovery of Osmium from Residues. —Osmium residues containing 
organic matter do not yield up the whole of their osmium content as 
chloride when mixed with sodium chloride and ignited in chlorine.* To 
recover the metal from such sources, therefore, it is convenient to 
ignite the mass in a current of oxygen, whereby the organic matter is 
oxidised to carbon dioxide, and the osmium to tetroxidc, which is 
absorbed in alkaline reducing agents. As examples of the last named, 
alcohol in dilute caustic alku'i solution, and alcoholic hydrazine hydrate, 
may be mentioned. The reduced solution is evaporated to dryness, 
and the residue ignited in hydrogen and cooled in earbon dioxide. 

Physical Properties.- Osmium crystallises in cubes or obtuse rlioni- 
bohedra of density ranging from 21-3 to 24.® It is thus the most dense 
substance known. It is also very hard (hardness 7-51 and brittle, 
readily scratching glass, and in the massive form can be h'eated to the 
melting-point of zinc (419° C.) without volatilisation. 5 At higher tem¬ 
peratures combustion takes place. 

rOsmium melts at 2200° to 2000° C., and may be distilled slowly in 
the eleetrie furnace. 7 At these high temperatures osmium can dissolve 
carbon. The specific heat of osmium is 0-03115.° 

The most intense lines in the spectrum are as follow •: 

Arc: 375269, 3782-34, 3794-08, 8903-80, 3977-39, 4112-19, 
4135-99, 4178-40, 421 t '-lfti, 4261-01, 4420-64. 

Spajk: 2909-19, 8772-71, 4135-05, 4261-01, *420-62. 

Chemical Properties.— -Osmium oxidises when heated in air. The 
oxidatiofi of the powdered metal begins at temperatures below 212° C. 
in air, and below 170° C. in oxygen, 10 volutile vapours of the tetroxide, 
Os0 4 , being evolved. These vapours are intensely poisonous, pro¬ 
ducing temporary blindness and other unpleasant symptoms.- Osmium 

is also oxidised when heated in steam. It is readily dissolved by 

• 

1 bevillo and Dcbray, Cnmpt. rend., 187% 82 , 1076. 

* Doebereiner, Annalen 1886, 14 , 17. 

• Vauquelin, Anna lee dim., 1814, 89 ,160. 

1 Benelios, Ann. Chim. Phye., 1829, 40 , 268. a 

* Dq/ille and Debray, Ann. Chih. Phyt., 1869, 56 , 386. 

• Gutbier, Chan. Zeit., 1913, 37 , 867. • 

* Moiasan, Compt. rend., 1906, 142 , 189. See also Joly and Vczck, ibid., 1893, 116 , 

677. * - * 

• Begnaalt, Ann. Ckim. Phy»., 1866, 46 , 2b2; 1881, 63 , 14. 

' Exner and Huchek, Bye SptUrtn der’SUmente bei nortnaUi if Dntck (Leipzig and 
Wien, 1911). 

“ 811 I 0 , ZtUtth. anory. Chem., 1899, > 9 , ^>2. 
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fining nitric acid, and by aqua regia unless the osmium hats previously 
, been strongly heated. 

' Fluorine is without action in the cold, but qpon panning combina¬ 
tion takes place. .Chlorine attacks osmium at high temperatures*the 
tetrachloride, bsCl 4 , resulting at 650° to 700° C. Bromine vapour, 
however, is without'action upon the metal. 1 \ 

When fused with a mixture of peroxide and nitrate of barium or 
sodium, osmium is dissolved. '* 

Osmium Hydrosol or 'Colloidal Osmium is readily prepared by 
reducing potassium osmate, K 2 0s0 4 , with • hydrazine hydrate in the 
presence of some protective colloid such as gum acacia s or lysalbqfe 
(or protalbate) or sodium.* "The reduction may be effected with 
acrolein 4 if desired. 

Colloidal osmium may also be obtained by reduction of colloidal 
osmium dioxide. Thy last named is prepared (see p. 220) by reduction 
with hydrazine hydrate of potassium osmate solution suspended in 
lanolin, which serves as protective colloid. The product is dissolved 
in petroleum, precipitated with alcohol and reduced in a current of 
hydrogen at 50“ to 60° C. A solution containing 21 per cent, of osmium 
has keen obtained in this manner.® , 

Colloidal osmium readily undergoes oxidation; it catalytically 
assists the reduction of unsaturated compounds by gaseous hydrogen. 
In this respect it is stated to be even more effective than the finely 
divided metal,® but less active than either platinum or iridium. Carbon 
monoxide combines with oxygen, yielding the dioxide, when shaken at 
ordinary temperatures with the hydrosol of osmium. 7 

Catalytic Activity of Finely Divided Osmium. —In the finely 
divided condition metallic osmium possesses marked catalytic activity. 8 
At 40° to 50° C. it causes hydrogen and oxygen to unite with explosive 
violence. 8 It has proved to be a very effective catalyst in the prepara¬ 
tion of ammonia by synthesis from its elements under a pressure of 
185 atmospheres and at a temperature of 880° to 1000° C. 10 Osmium 
obtained by ignition of ammofoium chlorosmate in hydrogen, when 
mixed with certain unsaturated orggpic substances such as cyclo- 
hexeue, either alone.or diluted with acetdne, and exposed to an atmos¬ 
phere of oxygen, chtalytiCally assists their oxidation. Thi i, < property 
i.j not shared under these conditions by the other platinum metals, 
although tellurium exhibits a certain degree of activity. 11 

Atomic Weight. — Approximate Atomic Weight. —Several considera¬ 
tions lead ps to the conclusion that the atomic weight of osmium is of 
the orijer cd101. The chief reasons may be summarised as follows : 

(1) Analyses of and,vapour density measurements with osmium 
tetroxide and osmium octafhulride indicate that the osmium in the 
molecules of these two compounds has a weight of approximately* 190. 

Moraht and Wuohin, Zeiltch. anorg. Ckem.;- 1893, 3 , 153. 

* Guilder and Hofmeior, J. prstl. Ghent., 1905, [ii], 71 , 462. 

* Pant and Ambergbr, Her., 1907, 40 , 1302, 2201. 

1 Caatoro, ZtiUch. anorg. Chan,, 1904, 41 , 131. 

'* Araberger, Kotloid. Zeitteh., 1915, 17 , 47. . 

* WUIsUtter and Sonnenfeld, Her., 1914, 47 , 2301. 

I Faal, Her., 1916, 49 , 648. 

* Philips, Zeitech. anorg. Cktnt,, 1894, 6 , 229. 

* Dulong and IJhenatd, Ann. Chin. Phut., 1823, 34 , 381. 

II Haber and Lo Bonlgnol, Ztittck, BUkfnthm., 1913, 19 ,63. 

M, Willi titter and Sonnenfeld, Btr., 1913, 46 , 2963. 



inis sets ^superior limit to the atomic weight ot osmium, which might 
however, be a submtiltiplc of tills value. t 

(2) 'Ihe specific Ik at of osmium is 0*0811. Assuming, therefore, t 
mean atomic: heat of 0-4, the atomic weight of the metal, according tc 
Dulong and Petit’s Law, is approximately 200. 

(8) Osmium bears a «lose resemblance to ruthenium in many of its 
chemical properties; in fact, in certain respects, such as the formation 
of tetroxidcs, these two elements are absolutely unique amongst the 
metals of the platinum group. 

Furthermore, a distinct gradation in properties can be traced as 
we pass from osmium, through iridium to platinum. 

There seems little reason to question, thereto, e, the propriety of 
placing osmium as the first member of the third series of triads in 
Group VIII. This postulates an atomic weight intermediate between 
184 (at. wt.of tungsten) and 1981 (at. wt.of iridium), but nearer to the 
latter value, inasmuch as an intermediate element between tungsten 
aud osmium is missing from Group VII. 

(4) Alkali hexnehlorosmates are isomorphous with the corres|x>nding 
derivatives of palladium, iridium, and platinum, and may thcicfore lie 
lssumcd, by application of the Law of Mitseherlich, to have the general 
formula MoOs('l„. 

Again, potassium osmocyanide is isomorphous with potassium 
erroeynnidc and potassium ruthcnocyanidc, and may therefore be 
udged to have the formula K,0s(CN) 6 .;iIl 2 0. 

Analyses of these compounds indicate that the atomic weight of 
ismiurn is 190-9. 

Exact Atomic Weight .—The early determinations, by Berzelius 1 and 
Frcroy,* gave very high values for the atomic weight of osmium.' 
Berzelius analysed potassium eh loro: mate by reducing the heated salt 
in a stream of hydrogen, and seiwirating and weighing the osmium and 
potassium chloride in the residue, his result being as follows 3 : 

2KCI : Os :: 100-00 : 133-42 whence Os = 198-9 

Frf-my’s value was Os —199 derived from the analysis of osmium 
tetroxide. 

That .these values are much higher than the correct one was foretold 
by Mendelecff, and confirmed by Scubcrt in 1888. The latter chert.iSt 
showed! the substantial accuracy of his results in a second series of 
experiments, published in 1891. 4 

Seubert analysed two salts, namely, ammonium and potassium ehlor- 
osniatc. The former was heated in a stream of hyd.ogcn* the residual , 
osmium weighed, the volatile chlorides collected, and the chlorine 
contained therein determined as silvei chloride. 

6 expts. (NIIiljOsCl!. Os 100-rtW : 48-459 whence Os = 191-25 
4 expts. 6AgCl: (NH«) t OsCl, : j 100-000 : 51 -283 „ Os = 192-2% 

Tlje latter was first analysed by reduction in a stream of hydrogen| 

the hydrogen chloride produced being determined by conversion into 

• 

* Berzeliufc Fogg. Annalen, 1428, 13 , 530. 

* Frtmy, Compt . rend., 1844, 19 ,488; J. pratt. Chim., 1844, [i], 31 ,407. 

9 Hie antecedent data employed in the calculations in this -ctiou are as follow 
0 - 18-000, N ~ 14-008, H = 1-00782, Cl = 35-407, Xg 107-8cn,*K « 39100. 

4 Seubert, Btr„ 1888, at, 1839; Jnnaltf, 1891, 261 , 257. 



silver chloride; the residual osmium plus potassium chloride was 
weighted, tiie potassium chloride dissolved out, recovered by evaporation, 
and weighed separately. 

2 expts. KjtJsCl^ : 2KC1 :: 100 000 : 80 087 Whence Os = 199-27 
2 expts. 4AgCl: K 2 OsC1, :: 100-000 : 8,4-0 

In a second method of analysis employed 
mixture of osmium and potassium chloride, 
ignited in a boat in a platinum tube until the potassium chloride had, 
volatilised, a current of hydrogen passing through the tube during the 
experiment. The residual osmium was then weighed : 

0 expls. K.OsCI, : Os : : 100 000 : 39-fe.l whence Os = 190-38 

7 expts. KjOsClj : 2KC1 : : 100 000 : 30 081 „ Os - 191-11 

In 1912 Seybold 1 .published two series of analyses of ammonium 
chlorosmate, the osmium being determined : 

(i) 5 expls. (Nil j) 2 OsCl # : Os :: 100 000 : 43*212 whence Os ~ 189-4 

(ii) 3 expts. (NH 4 ) 8 0sCI, : Os :: 100 000 : 43437 „ Us = 191-1 

Shyhokl considers that the second series of analyses is vitiated 
owing to absorption of oxygen by the osmium. 

The Table given by the International Committee for 1921 gives 

O* -190 9. 

It will be clear that neither Scubert’s nor Seybold’s results are of the 
high standard reached in many modern atomic weight researches. 
Further determinations of this atomic weight are urgently needed, 
the value in current use being stated more precisely than is justified 
by the evidence at present available. • 

Uses. —Osmium has betm used in the manufacture of filaments for 
certaip electric lamps on account of its high infusibility, for, next to 
tungsten, it is tjie most refractory of metals. 

Otherwise the metal is of but little commercial importance. Certain 
of its compounds, notably nsmic acid, tvuj used in microscopy. 

Alloys.—The mo,si important alloy of osmium is osmiridium or 
iridimmne, which oec'urs in nature in platinum ores, as has already been 
ihfutioned. 8 Two varieties are known, namely, nevyansldte, containing 
over 40 per cent, of iridium, and siserslcitc, containing 30 per tent, or 
less of that metal. 3 Osmiridium is exceptionally resistant to acid 
attack, and is non-mngnetie. It is used in tipping gold pen nibs. No 
definite compound of osmium and iridium is known, however. In fact 
osmium does not appear to form compounds with any metals. It 
dissolves in zinc, 4 and undoubtedly forms, an amalgam with mercury, 
since the last named, in contact with osmiuuj'.tctroxide, wets glass, 
containing vessels becoming rapidly silvered. 3 ' 6 With iron an alloy is 
formed capable of taking a temper.’ Osmium, when tinely divided, 

1 Seybold, iMugvrul Dissertation, Erlangen, 1912. 0 

3 See p. 208, vhero analyses of the alloy from various so,urges arc given. 

3 Dana, A System of Mineralogy (Wiley and Sons, 1900). 

1 * Deville ana I)ebray, Corny I. rend., 1882, 94 , 1659.* 

* BenoUus, Ann. Chim. l'hyt., 1829, 40 , 258. 

• Tennant, Phil. front., 1804, 94 , 411. • 1 

’ Stodart and Faraday, Phil. Tram., 1822, p. 263 1 Ann. dim. Phyt., 1822, 21, 73. 
Botuaingault, 4$.*. Chim. Phyt., 1878, 15, 94. 


97 „ Os = 191-23 

with this salt the weighed 
, obtained as before, was 



USMiUM AND ns COMPOUNDS 

alloys with*gold, 1 but the produet is attacked by aqua regia. Alloys 
with cop t >cr have .been prepared. 1 

OSMIUM AND FLUORINE 

I fc . 

Until 1913, no definite fluoride of osmium had been isolated, 
although it was known that, upon warming osmium in fluorine, combi¬ 
nation takes place. Furthermore, on heating osmic acid with an 
alcoholic solution of hydrogen fluoride, a dark powder has been obtained.* 
whieh appears to be an oxyfluoride. 

In 1913, however, Itufl and Tschireh 3 published an account, of their 
very interesting researches • into the nature of the products formed 
when osmium is heated in fluorine. They showed that three fluorides 
are capable of existence, namely, the tetra-, hexa-, and octa-fluoride 
respectively. The last named is interesting as definitely establishing 
the octavulent. nature of osmium. 

The osmium was obtained by reduction of the dioxide in a mixture 
of hydrogen and cat bon dioxide, the most, reactive metal being obtained 
at lower reduction temperatures, namely, about 250° C. Upon passing 
fluorine over, a mixture of the fluorides was obtained, the relative 
proportions varying according to the temperature, the rate of flow of 
the fluorine current, and the particular physical condition of the 
osmium. 

For example, by employing a temperature of 250° C. and a rapid 
stream of fluorine, a very reactive osmium preparation! was found to. 
yield a high percentage of Osmium Octafluoride,OsFg. This, being the 
most volatile of the products, is collected in a vessel cooled in a mixture f 
of solid carbon dioxide and alcohol, under which conditions it yields a 
yellow, solid sublimate. It melts at 84-5° C. to a yellowish red liquid. Its 
vapour is colourless, has a characteristic odour and metallic taste: it 
attacks the mucous membranes of the nose and eyes. In rpoist air the 
vapour yields a white cloud. 

The vapour pressures for different temperatures are as follow: 


Tempcrlturc ° C. 

Pressure mra. 

• 

Temperature 0 C. 


0 

380 

,552-5 

43-5 

655-0 

40-3 

5u4-5 

47-3 

757-5 

420 

634-2 

—■“* 

'T 


The mean vapour*density is 179 -5 (II —- 1), that calculated for the 
formula OsF 8 being 172. 

When heated in a platinunf tube, osmium octafluoride begins t,Q 
decompose (It 225° €., but the extent of decomposition only becom, S 
appreciable at about»400° C. * 

Organic substanVes arg violently attacked by osmium octafluoride,; 
and the skin burnt. In aqueous solution the salt is colourless and 

1 Tennant, Phil. Tram * 1804, 94 , 411. » • 

* Moraht and Wtechin, Zeitidl. anorg. Chem., 1893, 3 , 153. 

* Ruff and Tachircb, Per., #913, 46 , 9j(B. * 
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partially hydrolysed, tlje solution having the odour of tht tetroxide. 
In sodium hydrgxide solution a yellowish red colour is Obtained, 
characteristic of perosmatls. 

With alkalisfluflrides double salts are produced, the compositions of 
: which are as yet unknown. They are icss.easily reduced, however, 
than the free octafluoridc. Sodium hydroxile. decomposes them with 
evolution of ozone. 

Osmium Hexafluoride, OsF 6 .—The proportion oi this fluoride in 
the mixture obtained by passage of fluorine over reduced osmium at 
250° C. is increased by reducing the rate flf passage of the fluorine. 
The octafluoridc, feeing most volatile, passes farther along from tile 
furnace, being collected in a cooled receiver. The hexafluoride con¬ 
denses in the tube close by where it leaves the furnace. In order to 
completely fra^firom octafluoridc it is gently warmed to 50° C. under 
a pressure of 2umfri., when it sublimes and condenses on a cool part of 
the tube as a light green crystalline deposit. It has not been obtained 
in a perfectly pure condition as it proved to be extremely difficult to 
obtain entirely free from oxide. Its boiling-point is approximately 
202° to 205° C.. whilst its melting-point lies between 50° and 120° C. 
The fatter constant could not be obtained accurately as the fluoride 
becomes black upon heating in contact with glass. Osmium hexa¬ 
fluoride is decomposed by water, yielding hydrofluoric aeid and oxides 
of osmium. In caustic soda it gives a reddish yellow colour similar to 
that of the hexnehlorosmates. 

Osmium•Tetrafluoride, OsF 4 , is obtained by passing fluorine over 
osmium at 280° C., the osmium having been reduced from the dioxide 
at red heat and rendered thereby less reactive. The small quantities 
of the higher fluorides Simultaneously formed are removed by heating 
the tube, in which fluoripation has been effected, to 100° C. in *an 
atmosphere of nitrogen under low pressure. 

Tkc tetpifluoride has not. been isolated in the pure state. It dissolves 
in water, and by adding hydrogeo fluoride and neutralising with potas¬ 
sium hydroxide, crystals are obtained upon concentration, consisting 
probably of Potairium Fluoroimate, M 4 0sF 6 . 


OSMIUM AND CHLORINE 

Otmium Dichloride, OsCl a , was stated to result. 1 when osmium is 
heated in chlorine, but it is very doubtful if it has ever been successfully 
obtained in this way. 

In 1910, Ruff and Bomcmann J definitely proved that osmium 
dichloride is capable of existence, for they prepared it by heating the 
trichloride to 500° C. under reduced pressure. 

Obtained in this manner, osmium dichloride is a dark brown powder, 
practically insoluble in watpr, but attacked by prolonged boiling with 
water, yielding a pale yellow solution. Concentrated nifric acid and 
aqua regia slowly attack it, giving osmium tetrpxide; whilst concen¬ 
trated alkali solutions slowly attack it in the cold, yielding glear but 
deep brown solutions. 

Unlike plgjtirnfm dictyoride, osmium-dichloride does not yield chlor- 

1 Berzelius, dsn. CAim. Phyt., 1839, 40, 261; Claus, flail. Arad. Set. Pttrcgrai, 1883, 
6, ISO. * * Buff and Boraemauu, ZtUtcA. rnory. Vhm-> 1910,8$. 4®. 



osmous acffl, H 3 um.I|, antilogous 10 cmor-piatmous acid, 
concentrated hydrochloric acid. ' 

Osmium Trichloride, OsCl 3 , is obtained 1 bv halting osmium, ot) 
tailed by reduction of the dioxide in hydrogen, in chlorine at abou 
1050° C., and cooling ,the vapour rapidly. It then contains som< 
admixed osmium tetracV ioride. 

A purer product ^prepared by igniting ammonium chlorosmate 
(NII 4 )jOsCl 4 , in chlorine at 350 a C. Osmium trichloride, obtained bj 
the foregoing method, is a brownish black, crystalline powder, which ii 
hygroscopic and readily soluble in water, yielding a dark brown solution 
Shis solution is stable even when boiled, although it possesses a slight!) 
acid reaction. 

The trihyilrate, OsClj.SH.O, is obtained* as follows: osmic acic 
on prolonged boiling with hydrochloric acid and a little alcohol yields 
on evaluation, red crystals of composition Osf' 1 .,.711 a O, whiel: 

are attacked by moist air yielding an olive-green mass. On solution in 
alcohol, and addition of potassium chloride, crystals of potassium 
chlorosmate, K s OsCl ( , are obtained, the filtrate yielding, on evapora¬ 
tion, dark green crystals of the hydrated trichloride, 0sCI 3 .3lI 8 0. 
These, on heating in a current of hydrogen, are reduced to os ilium, 
hydrogen chloride and water vapour being evolved. At the same time 
a minute trace of yellow sublimate is obtained, which Moral it and 
Wisehin suggest mav lie a higher chloride, jxissibly the octachUtride , 
OsCl„. 

Hexachlorosmiles, M 3 0 sC 1 # or M 3 OsCl s .MCI 

Osmium trichloride yields a series of double sails known as osmo- 
chlorides or chlorosmites, M 3 0sC 1 3 . Of these the most important are 
t!.e potassium and ammonium salts. • 

Potassium Chlorosmite, K a OsCl 8 .3lLO, is obtained as dark red 
crystals, along with the colourless crystals of potassium ami ammonium 
chloride by addition of ammonia to a solution of osmium.tetroxide in 
aqueous [xitassium hydroxide, and subsequent saturation with hydrogen 
ehloride. 

The crystals effloresce in iur. They dissolve in water to a red solu¬ 
tion wh«h possesses an astringent taste, but whith becomes sweet and 
unpleasant upon standing. *• 

Tho crystals dissolve in alcohol, but not in ether. Alkalies and 
alkali peroxides precipitate the hydrated sesquioxidc from the aqueou* 
solution. 

Ammonium Chlorosmlte, (NH 4 ),OsC 1 3 .8H 3 0, results when hydrogen 
chloride is passed into a solution of osmium tetroxidc in hydrochloric 
acid. The red liquid is eyaporated with ammonium chloride, when 
crystals of the same golourarc obtained. 

Osmium Tetrachloride, 0sCl 4 , is obtained as a reddish brown 
sublimate when metallic osmium is htSried in chlorine (Berzetfuq} 
between 650° and 700° C. 1 „ l 

When resublimed in chlorine it condenses into a black mass of thj$ 
same composition. On riilatilisation it yields a yellow vanoifr. It ii 
neither hygroscopic nor solublg in.the usual solvent!;, save tne powerful 

1 Ruff and Bomemuw, Ztiitdt. amorg. Chem , 1910, 65 , 429. 

> Uoraht ai.tl Wiwhin, ZeitM. anorg. Qktm., 1893, 3 . U3. 
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oxidfcing acids. Water has no action upon it unless the rtvo are left 
ip contact for a prolonged period, when hydrolysis gradually sets in, 
Hydrochloric acid find osmilim dioxide resulting.| 

llexachlorosmates, M^OsC1 4 

Osmium tetrachloride yields a series of| double salts known as 
osmichlorides or chlnrosmates, M.OsCl,. Of these th^ptftassium, sodium, 
and ammonium salts arc best known. 

Potassium Chlorosmate,* K s OsCl, t is obtained by prolonged boiling 
of osinic acid with hydrochloric acid, and subsequent evaluation of 
the solution with potassium chloride. Dark brown crystals of thf: 
chlorosmate separate out, leaving osmiunf trichloride in solution. 

Potassium chlorosmate may also be obtained by heating the finely 
divided metal with potassium chloride in chlorine, 1 by double decomposi¬ 
tion of the sodium salt with potassium chloride, 8 or by the action of 
hydrochloric acid on potassium osmyl oxynitrite. 3 It is soluble in 
water, yielding a yellow solution from which alcohol precipitates it as 
a red crystalline powder. The crystals are deep red octahedra, iso- 
morphous with the corresponding palladium, iridium, and platinum 
analogues. • 

When ignited, the dry salt yields a residue of metallic osmium and 
potassium chloride. 

The solution decomposes on warming, the tetroxidc being produced 
and a black powder deposited. 

From the.solution alkalies and ammonia precipitate the hydrated 
dioxide, whilst excess of ammonia yields osmium diamminc hydroxide. 
Ferrous sulphate and alkali formates reduce the salt, liberating metallic 
osmium. • 

Sodium Chlorosmate, Na s 0sCl 6 .2H,0, may be obtained in a similar 
manner to the potassium salt. Rosenheim and Sasserath 2 described a 
new method, according to which sodium osmisulphitc is gradually 
heated up ifi a current of dry hydrogen chloride. The mass becomes 
black at first, then froths up in consequence of the escape of sulphur 
dioxide; finally a reddish brown produu remains behind,which in air 
immediately becomes brick-red. It ‘dissolves in a small quantity of 
water to a green solution 4 which on concentration over sulplltiric acid 
yields tong orange-coloured prisms. When boiled with a concentrated 
solution of sodium hydrogdii sulphite, sodium chlorosmate yields the 
osmisulphitc, 5 Na s Os(S0 3 ),.8H 2 0. p * 

Ammonium Chlorosmate, (NII 4 ) a OsCl 8 , is prepared by double 
decomposition of the sodium salt with ammonium chloride. *■ 4 Upon 
recrystallisation, brown octahedra are obtained. 

Methyl and ethyl ammonium chlorosmates have been prepared. 8 

Silver Chlorosmate, Ag,OsCl„ results' as e green precipitate on 
adding silver .nitrate solution to one of sodium or potassium chlorosmate. 4 

The chlorosmates of Rubidium and Caesium have also been prepared. * 
They are soluble in cold water, but the solutions decofnpose «upon 

* Bortelius, Alfa. Chim. Pkyt., 1829, 40 , 289, 275. ' 

* Seubert, Annalen, 1891, * 61 , 258 j Rosenheim andSasserath, Ztiltck^anorg. Chem.. 
1899, at, 122. 

* Wlntrebert, AnnjOkim. Phyn., 1903, a 8 | 18, 

* The green crlour is probably due to traces ot osmium' trichloride. 

» Rosenheim, Zeiltth. anorg. Chrm., 1900, 24 , 420. 

* Gutbier and'Mauoh, Ber., 1909, 4 a, 42o9. 
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exposure to air, depositing a black powder. The salts rcauny dissolve 
in hydrochloric acid. * 

Organic Chlorounatea are described by put bier i;nd his co-worker/. 1 

' Sodium Osmium Hexachloride, Nn e 0sCI , t orOsCl„.ONaCl, has been 
prepared by Rosenheijt i »)nd Sasscrath 8 by passing dry hydrogeif 
chloride over sodium osmisulphite, gently warming the while. A black 
reaction product ris obtained, which is dissolved in a small quantity of 
water and recrystallised over sulphuric aejd. Bright, coppery leaflets 
arc obtained consisting of sodium osmium hexachloride, contaminated 
•with a small quantity of sulphite. Addition of potassium chloride to 
the solution of the salt doeiy.not yield t he corresponding jiotiissium salt, 
but potassium chlorosmale ; neither could the potassium or ammonium 
salt be obtained by the direct method. 

Osmium Octachloride, OsCl g , appears to be formed in small quantity 
when chlorine is allowed to act upon heated osmium 3 ; as also when 
hydrated osmium trichloride, 0 sC 1 3 .!1II 2 0, is heated in a current of 
hydrogen. In this latter ease, what is believed to be the octachloride 
is formed in minute quantities as a yellow sublimate. 4 


OSMIUM AND BROMINE . 

Bromides of Osmium.—Osmium is not affected by exposure to 
bromine vapour even under the influence of heat. By warming osniio 
acid, H 2 Os().„ with hydrobromic acid in the presence, of alcohol (to 
prevent oxidation to the volatile tetroxide), a brown solution wits 
obtained by Moraht and Wisehin. 4 Tins was concentrated in vacuo 
ever sulphuric acid and potassium hydroxide, the latter to absorb the 
hydrobromic acid, and upon reerystaliisation dark reddish brown 
hygroscopic needles were obtained. These were readily soluble in 
water and alcohol, from which they could be’rccrvstalK-.cd unchanged, 
in the cold. The results of analysis agreed well with the formula 
Os 2 Br # .6H 2 0, indicating, probably, a mixture of the tri- or tetra-- 
bromide with some higher bTbnude. Concentration of the solution on 
the wq^er-bath results ih the formation of an »ftjbroinide of unknown 
constitution. • " . 

Potassium Bromosmate, K 2 OsBr # , is obtained !>}' double doeobffiosi- 
tion of the sodium salt with {Kitassium Bromide, 8 as a brownish black 
crystalline powder of qppjiery hue. From dilute solution octahedral; 
crystals arc obtainable. They arc brownish blaelj in colour, opaque, 
and metallic in appearance. 8 The salt is diflicultly soldble ib water. 8 \ 

Sodium Bromosmate, Na s OsB{ # . 411^0, may be prepared bjj 
the action of dry hvdrogen bromide on sodium osmisulphite, 
3Na 2 0. OsOj. 4S0 (see p.*280), or better by decomposition of' 

the same with aqueous hydrogen bromide, of density TIS. 1 * A deep 
purple-re<^ solution is obtained from which long, .dark brown prisms 
crystallise out, possessed of a metallic appearance. 

* • -j ' 

* Gutbier and his'eo-workers, .ZeiUch, anorg. Chem., 1014, 89 , 333 Brr., It, 

308. * 4 Rosenlfeim and Sasserath, Zeitsck. atiorg. Chtm., I860, 31, 122. % 

» Claus, Bull. Acad. Sci. Pdtrograd, (863, 6, ICO. ■ 

* Mdtaht and Wiscbin, Zeitsck. hnorg. Chem., 1893, 3 , 153.'* 

1 Rosenheim, ibid., 1900, 24 , 420. Crystallographic data art- given. See also Bads,'.; 
Zeitsck. Kryst., 1901,34, 162. 



Apmonium Bromosmate, (NH 4 ),,OsBr ? , is prepared irf the same 
manner as the potassium salt, On crystallisation from dilute solution 
wtahcdral and t<*rahcdraj forms are obtained* Methyl and ethyl 
ammonium bromosyiates have been prepared.* T • 

Silver Bronfbsmate, Ag a OsBr # , results as a flocculent, indigo preci¬ 
pitate by addition of silver nitrate solution* tofcne of the sodium salt. 1 
Organic Bremosmatee have been prepared^ 


OSMITJM AND IODINE 

Osmium HydrioAide, OsI,.2HI, is stated by Alvarez * to result as 
an emerald-green substance by the interaction of hydrochloric acid 
potassium iodide, and osmium tetroxide : ’ 

0s0 4 + 10IIC1 + roKI =, OsI 2 .2HI + 4H s O + 10KCI + 31,. 

It is soluble in water, readily reducing acidulated permanganate 
and chromate solutions. It is bleached in contact with oxidising acids 
but is very stable in concentrated solutions of salts, with which it forms 
xodosmkes. The green colour of the iodide is of such intensity that its 
formation serves as a delicate colorimetric test for the presence of 
osmium. The test is carried out as follows : 

The solution supposedly containing osmium tetroxide is treated 
with a saturated solution of calcium chloride, a little potassium iodide 
and phosphoric*acid, and the colour noted. 

Osmium Tetra-iodide, OsI 4 , was obtained by Moraht and Wischin 5 
by heating on the water-bath osmic acid, H,0s0 4 , and a concentrated 
aqueous solution of hydrogen iodide. The osmic acid slowly dissolves 
yielding a deep brown solution, which is stable in the cold. Concentra¬ 
tion in vmm over sulphuric acid and caustic potash (to absorb the 
hydrogel iodide), and subsequent recrystallisation, yields rhombohedral 
crystals violdt-blfck in colour, an$ of metallic appearance. They are 
hygroscopic, readily soluble in alcohol and water, yielding a reddish 
brown solution stable in the cold, but o*S that readily decomposes on 
Warming with precipitation of a dark dtry-iodide. 
vf potassium Iodosmate, K s OsI„, is readily prepared * bv Treating 

K tltaium osmyl oxynitrite with a fairly concentrated solution of 
. driodic acid: • ' 

K,(OsOj)(NO,), -f- SHI = K £ OsI 4 -4- I s -j» 2HNO, 8H,0. 

| The reaction is Vigorous, nitrous fumes being disengaged, as also 
iodine vapour. On filtering the brownish violet solution and allowing 
to stand, crystals of potassium iodosmate separate out as dark violet 
Octahedra. The salt is not very soluble in watsf, but more so than 
the broiu- and chlor-osmates, and the solution r&pidly decomposes 
although the presence of a little free hydfiodic acid renders it stable. It 
is«»r be heated to 200° C. in hydrogen without' loss in weight, but in 
the neighbourhood of 800° C. hydrogen iodide is evolved. 

“ Rosenheim and S&aaerath, Ztitnck. 'anorg. diem., 1899, ai, 12 $. 

* Wintrebart, Ann. Ckm. Pkyt., 1903, a8, 16. 

! ?, utb ^ r hi* to-workera, Zttitck. Ohorg. Ckm , 1914, 89 , 813.* 

4 Alv»4i, Ckem. 1905, 91 , 172. , * 

‘ Mutant and Wischin, ZeiUtk. a*rg. Ckm , 1893, 3 ,163, 



Anundbium lodosmate, (NH 4 ),OsI 4 , prepared in a similar manner*, 
to the potassium salt crystallises in bluish blnek octahedra. 

OSMIUM AND OXYGEN * 

Osmium Monoxide/ OsO, results as a greyish black powder when a 
mixture of the si\lnhite, OsSO,. and sodium carbonate is heated in a 
current of carbon dioxide.’ It is insoluble in acids. 

Osmium Dihydroxide, Hydrated Osmium Monoxide, Os(OHis 
Drcpared as an unstable, bluish black precipitate on wanning osmium 
Sulphite with a concentrated solution of potassium hydroxide.’ 

Osmium Sesquioxide, Os,O a , is ohtained’by heating suits of tri valent 
osmium with sodium carbonate in a current of carbon dioxide. It alsc 
results when an excess of osmium tetroxidc is reduced by heating with 
finely divided osmium. 3 

The sesquioxide is a dark powder, insoluble in acids. It is obtained 
in the hydrated condition, Os„0 3 .tII/), as a reddish brown precipitate 
on adding an alkali to an aqueous solution of an osntochloride.’ 

Osmium Dioxide, 0s0 2 . results when salts of tetravalcnt osmium 
are heated with sodium carbonate in a current of carbon dioxide, and 
by heating finely divided osmium in the vajxjur of osmium tetroxidc. 4 

• Osmium dioxide may also be obtained in the anhydrous conditior 
by ignition of potassium osmiamute, OsN0 3 K, in vacuo at 850° C., 1 
or by heating the hydrate, Os0 2 .2ll s O, to u little below 200° C. in nr 
inert gas such as nitrogen ot carbon dioxide. Obtained in this manue; 
its density 4 is 7-71. Further heating to 400° C. ehahges the colqui 
progressively from bluish black, the colour of the dihydrate, to brown 
and slightly increases the density. At. about 460° C. the dioxide begin: 
to decompose into osmium and its tetroxidc according to the equation 
20s0 2 — Os -f 0sO 4 , 

but by heating the dioxide in the vajx>ur of tetroxidc till ^teeompositioi 
is retarded until a temperature of about 650° C. is arrived at. Th 
dioxide then has a density,of 7-91, and consists of copper-colour© 

■ crystals of octahedral and hexahedra! forms. 4 They arc insoluble ii 
acids, 4)111 are readily reduced by hydrogen. 

Pyrophoric Osmium Dioxide. —The oxide prepared by reduction a 
alkali osmates with alcohol or by hydrolysis of ammonium ehlorosmat 
is not pure, but contains small quantities of organic substances o 
alkalies. When dry it'is liable to ignite upon exposure to air, and eve 
to detonate if wanned 4 to 800° C. directly it meets the air. 

Hydrated Osmium Dioxide exists in two stages of hydration. Th 
dihydrate., OsOj.211,0, is.obtained by the reduction of alkali osmate 
with alcohol s « . 

KjOs0 4 + 2H.0 + CjHjOH = 0s 0,.2II 4 0 + 2K0H + CH,.CIIO fc 
It also results upon hydrolysing an alkali chlorosioate, thus: 

KjOsC^, + 4Il t O *> OsO,.2HjO + 2KCI + 4HC1. 

1 Wintrebert, toe. ett. , ^ 

* Claus and Jacoby, J. pmld. Cbm* 1883, 90 , 65 ; Bull. dead. 8ei. PHroqrad, OS 
6 , 145. 

* Devilleand Debray, Compl. tend., 1878, 82 , 10J7. 

* Rufl and Rathaburg, Ber., 1917, 50 ,484. 

* Joly, Compl. rend* 1891, 112, l«l. 



m COBALT; X1CKEL, AND ELEMENTS OF PLATTNCM OSoijJ? 

The oxide is thrown out in colloidal form, but addition of fleet rolytes 
to itS neutral solution effects its precipitation. The methock may be 
Storied by hcatiiig^iota.ssiiqp chlorosmate with [jure sodium hydroxfdc 
in solution in the absence of air, on the water-bath. • 

When dried «ve? sulphuric acid it has the composition 0s0 2 .2H 2 0. 
•It gradually oxidisesain air, yielding the TetAxide. When heated to 
120° ('. in an inert gas it loses a molecule of wrier, being converted into 
the moiwhi/tlrnle, 0s0 s .IJ,0. *' 

Colloidal Osmium Dioxjde. -It has already been mentioned that 
osmium dioxide, obtained either by reduction.of an alkali osmate with 
alcohol or by hydrolysis of an alkali chlorosmate, is precipitated in the* 
colloidal form. 

A more permanent colloidal solution is obtained in the presence of 
a protective colloid. It may be prepared, for example, 1 bv impregna¬ 
tion of lanolin with a solution of potassium osmate, and' subsequent 
reduction with hydrazine hydrate. The lanolin serves as the protective 
colloid. The product is dissolved in light petroleum and may be 
precipitated by addition of alcohol. By heating tin; precipitate to 
50° t\ in hydrogen, reduction to colloidal metallic osmium takes place. 

Otnjic Add, II 2 0s()„ does not appery to have been prepared. The 
black coni|K)und obtained by acting upon potassium osmate with dilute 
nitric acid was believed by 'Moraht and Wisehin 2 to be correctly repre-, 
seated by the formula li.O.OsO, or ILOsO,, but this has not been 
confirmed by the more recent researches of Buff and Bornemann, 3 who 
regard the product as the hydrated dioxide. Further research is 
necessary to cUSidate this point. 

Potassium Osmate, K. 2 0s() 4 .211*0, results when a solution of the 
tetroxide in aqueous potassium hydroxide is reduced with alcohol. 4 
The solution acquires a red colour from which the salt separates. Oil ' 
slow rcerystallisation, garnot-red to black octahedra 5 arc obtained, 
permanent in dry air, but decomposing in moist air as also in solution, 

; yielding-the tgtroxidc and lower oxides. 

Potassium osmate may be obtained in a pure state by fusing osmium 
■with potassium nitrate and hydroxide, dissolving the melf in water, 

‘ and precipitating with alcohol, • The potassium osmate thus obtained 
has a greyish violet obi our, and is not cpiite pure. It is therefore 
.heattyl to 120° C. with a mixture of s'ldphuric acid and chromium 
; trioxule, whereby osmium tetroxide is produced. This volatilises and 
is collected in 10 per cent, potash solution, from which it is obtained 
in a pure, crystalline form on addition of alcohol. 3 

The solution of Hie pure salt, is not as unstable as was originally 
believed by earlier investigators, 8 since it may be kept in the cold 
•exposed to sunlight for many days without serious deconqiosition. 2 On 
Warming, decomposition is accelerated, and the odour of osmium 
tetroxide becomes pronounced. 4 " , 

At 200° C. Hie crystals become anhydrous in an inert atmosphere. 

Osmates of Sodtibu and Barium have also been prepared.' 

1 Amborgor, Kalloyi. Zeitech.. 1915, 17 , 47. 

* Moraht anil Wisehin, Zcitsch. arnrg. Chtm., 1893, 3 , 153. 

* Ruff »n£ Bornemann, Ztilnch. anorg. Chtm., 1910, 65 , ‘429. 

* Frimy, Ann. Chim. Phyt., 1855, 44 , 391. 

* Claus. Bull. Acad. Sdk Pclrogmd, 1845, 3 , .155 ; WiShler, Annnloi, 1880, 140 , 250, 

r • W. Kichler, BuB. Doe. Natnr.* Matenm it*® 1 , 162; Frfmy, Ann. Chim. Phut., 
1844, [iii], «i, 510. 



Otmiup Tetroxide, Os0 4 , frequently but incorrectly known ns' 
osmie acid, is t he highest oxide of osmium kpown, and is formed in a 
variety bf ways. Finely divided metallic osmium slowly oxidises 
to the tetroxide. ind more rapidly on mealing m air or, better, in 
oxygen. 1 At high temperatures the com pact mel.d yields vapours of 
the volatile tetroxide, nyd this affords a useful means of quantitatively, 
separating osmium f commits iridium alloy (p. 838). 

The tetroxide.i;.; also formed by oxidation of the lower oxides with 
nitric acid. The metal itself, if it has not been previously ignited, may 
also be oxidised with nitric acid to the tetroxide. When purified by 
sublimation, osmium tetroxide is obtained as transparent needles, 5 
which soften at the temperature of the hand and melt a! 'o ' l'. 3 They 
slowly dissolve in water ti a colourless solution, which is used in micro¬ 
scopic work for staining purposes, the oxide being reduced to the 
metal. The solution possesses a burning taste, but does not redden 
litmus. It is, however, coloured yellow, bro.vn, green, and, finally, 
indigo blue by sulphur dioxide. The crystals also dissolve in alcohol 
and in ether. 

The tetroxide readily sublimes on heating. When fused it boils at 
100° l!., yielding a vapour of density fvH!) (air 1) J or 1 US (II ; 1), 

the theoretical requirement for the formula OsO, being 127-5 (11 1). 

The vapour is very penetrating and exceedingly poisonous, producing 
temporary blindness and other alarming symptoms. If inhaled, the 
best antidote appears to lie hydrogen sulphide, which neutralises the 
action of the tetroxide on the respiratory organs. 5 

The vapour pressures of osmium tetroxide at various temperatures 
arc as follow 8 : 

Temperature ° C. . 95 115 125 1!J5 

Pressure, mill. . 275 IS2 (MO-4 77!) 


Mild reducing agents such as alcohol convert, the tetroxide into 
lower oxides of osmium. When thrown on to red-1: 4 chaveoal it 
deflagrates. Its vapour, when passed over glowing copper turnings, is, 
reduced, metallic osmium beiijg deposited on the copper. II a current 
of hydrogen gas is simultaneous 1 }' passed through, the copper oxide is 
mlueetWs rapidly as formed, and the alteration m weight of the copper 
is due,entirely to the deposit flf metallic osmium. This affords a, con¬ 
venient method of quantitatively estimating osmium with very con¬ 
siderable accuracy. 7 

Osmium tetroxide catalytieally assists the oxidation of certain ‘ 
oxidisuble substances. For example. 8 a mixture of 15 grains of arsenic 
with 10 grams of potassium chlorate in 50 c.o. of wat er remains unaltered 
even after addition of a few drops of ihlute sulphuric acid. Upon* 
introducing a trace pf osmium tetroxide (e. 0-015 gram) in solution, the 
temperature immediately rises, the arsenic being rapidly oxidised to 


1 Bereclius, Ann. Chim. Ii,ye. 1829,40,261. 

• .Mallet,9lmcr. J. Sci., I860, 29, 46. 

1 Ruff and Tachirchj Her., 1913, 46, 929 ; Svanberg (Jahrteber., 1847, 26, 181) gave 
1 C, . 


• l>evill»and Dcbray, Ann Chi m. .'‘hi/*., 1859, 56 , 380. 

• Claus, Bull. Acad. Sci. Pilnyrad, 1841, 6, 286. 

• Ruff and Tachirch, Ber., 1613,,46, 929. 

• Kr6my, Ann. Chim. Phyt., 1866,44, 391. 

• K. A. Hotinann, Ber., 1912, 45, 33%jj. 





atseittc acid. Hydrazine sulphate may be oxidised in a similar manner, 
the reaction proceeding ouantitatively and admitting of exact measure- 
rtjent by collection of the Tiberrfted nitrogen. 1 This activity, is aftribut«d 
to the formation (ft an additive compound between osmium tetroxjfle 
and the chlorate, the complex thus formed acting as the oxidiser. That 
.it is caused by the formation of a higher oxide cd osmium seems unlikely, 
since osmium tetroxide docs not take up o|ygcn from solutions of 
chlorates. Furthermore, a purely catalytic decomposition of the chlorate 
seems improbable, since osmium tetroxide does not appreciably influence 
the rate of decomposition of*cithcr the solid chlorate or its solutions. 

On the other hand, osmium tetroxide may be used to catalytieallji 
assist the reduction or hydrogenation of unsaturated oils like linseed or 
cot Ion-seed oils. 2 Tnc oil is mixed with a small quantity of the tetroxide, 
hydrogen passed through, and the whole warmed, just as when nickel 
or its oxides is used as catalyst (see p. 95). The osmium can lie 
recovered, by treatment, with charcoal, in the form of its dioxide, a 
colloidal solution of which is frequently formed in the oil by the reduc¬ 
tion of the tetroxide during the process. 

Aqueous solutions of osmium tetroxide are readily reduced by the 
introduction of practically any metal except those known as the precious 
metals/ Thus zinc, silver, mercury, Ac., effect the precipitation of 
metallic osmium from acidulated solutions in a very pure form. In the 
last-named case an amalgam is produced from which the osmium is 
obtained by distilling off the mercury. Ferrous sulphate and stannous 
chloride 4 also reduce the tetroxide solutions, but hydrogen, 5 sulphur 
and selenium ‘^appear to have no action under ordinary conditions. 
Sulphur dioxide reduces the solution to osmium sulphite, whilst potas¬ 
sium iodide reduces it to dioxide with liberation of iodine—a reaction 
that, may be utilised in tht volumetric determination of osmium. 7 *. 

The acidic properties of osmium tetroxide arc illustrated by the 
formation of definite compounds with the alkali hydroxides. These 
are crystalline, orange or brown in colour, and readily soluble in water, 
yielding stroilgly,hydrolysed solutions. Of these the following deriva¬ 
tives have been obtained 8 : OsOj.iiKOH, OsO.,.RbOII, OsOj.CsOII, 
and 20s0.,.C's0II. , 

Osmium tetroxide does not liberate iodine Yrom neutral solqjions of 
potassium iodide.* 


OSMYL DERIVATIVES , 

Salts containing the group 0s0 2 in the add radicle are known as 
omyl dtrivativrs, aud have the general formula : 

. M t (0.s0 2 )X 4 , 

1 Further oxamplcs are discussed by K. A. Hofmann, Erfurt, and Schneider, Btr., 
1913, 46, 1857. ‘ 

* F. Lehmann, Pharm., 1913, 2JJ, 152; Norman and Schick, ibid., 1914, 252, 
*08. . . 

1 Tennant, Phil. TVciim., 1804. 94, 411; Fischer, Pogg. Annulcn, ItKS, 12, ‘499; 
Bortrlius, .4 nn. Ckirn. Phij>„ 1820,40, 281. 

* Roae, Tmiti'de Mimic an.tlgttque, 1859, t, 220. 

* Phillip;, Zeileeh. anorg. Ghent., 1894, 6, 231.* 

* Fischer, toe. cil. 

' See p. 338. , 

' Tsohugaev, Ctmpt. rend., 1948, 16J, 182. 

* Orioff, Chem. Ztit., 1907,31, 1063. 



where M stands for a monovalent metal and X for a monovalent 
acid radicle. These substances have been carefully studied by 
Wintrcb^rt . 1 

Of the various ctanyl derivatives the potassium salts may bo 
regarded as the most important, since from them it iij easy to prepare 
the eorrcsjKmding salt.-; of silver, barium, etc., by simple double; 
decomposition. * 

The potassium salts may be obtained by the action of a suitable 
reducing agent upon osmium tetroxide in the presence of a simple 
potassium salt or its hydroxide. Thus, for example, potassium osmyl 
nitrite results when the tetroxide is reduced by nitric oxide in the 
presence of potassium nitrite solution : 

OsO, + 2 NO -| 2 KNO* = K 2 (0s0 2 )(N0 2 ) 4 . 

On the other hand, the corresponding oxalate may be produced by 
treating a solution of the tetroxide in potassium hydroxide with excess 
of oxalic acid. Thus : 

0s0 4 -f 2K01I + 3HjC a O; = K 2 (0s0*)(C’,0 4 )* -| 2 CO, -j 411*0. 

Similarly, the action of hydrochloric acid on the tetroxide in the 
presence of potassium chloride solution leads to the formation of 
potassium osmyl chloride : 

0s0 4 + 4IICI + 2 KCI = K 2 (0s0 2 )('1 4 + Cl 2 -\ 211/). 

In this case the hydrochloric acid itself acts as the r ducing agent, 
free chlorine being liberated. 

It is interesting to note, in passing, that a similar reaction applied 
to ruthenium tetroxide led IIowo (see p. 1431 to discover the oxyehlor* 
ruthenates of caesium and rubidium. 

Osmyl sulphites readily lend themse’ws to preparation in this 
manner. Rosenheim and Sas-scmth* first prepared sodium osmyl 
sulphite by passing sulphur dioxide through a solidi 41 of osmium 
tetroxide in caustic soda. 

Now in the foregoing reunions the osmium is used in the form of 
its tetroxide, in which its valency is 8 . The lirsl action is that of the 
reduciiflf agent, which lowers its valency to :>ix. Then comes the 
formation of the osmyl derivative. For example, the prepare!ion of 
potassium osmyl oxalate takes place in two stages, namely, ( 1 ) the 
reduction of 0 s 0 4 to OsO s , which, in the prpsencc of the potassium 
hydroxide, yields potassium osmate, K*0s() 4 ; and ( 2 ) hiteraction of* 
the last named with 2 molecules of oxalic acid to fevm the osmyl ' 
derivative. These stages may be expressed as follows : 

(1) OsO 4 + II.C,0 4 -f 2KOH === K 2 Os0 4 9CO„ + 211*0 

(2) K 2 0s0/ f 2H 2 Cj0 4 =? Kj(0s0 2 )(Cj0 4 ) 2 211*0. 

By starting, therefore, with jKitassiuin osmate, in which the osmium 
is ad read/ in the hexavalent conditioif, the osniyl derivatives may 
usually be prepared with greater case, the reaction proceeding according 
to equation (2) al>ove. Of, in general, as follows : ■ • 

K,0s0 4 + 4HX =* K*(0s0*)X 4 + 211 * 0 . 

1 Wintrebert, Ann. Chim. I’hy*., 1 003, 28 ? 15. » 

* Botenhei’-n and Saswndbr^SeitecA. anurg. Chtm., lb‘JO. 21 , 122. 
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" • 

Osmyl derivatives may change their acid radicles in ccjptact with 
free acids in the same manner as ordinary salts. For example, just as 
hydrochloric acid jlecompojcs* potassium nitrite with thc.forifuition.of 
potassium chloride; 

•KNO* + IIC1 = KC1 + IINOj, 

'so potassium osmyl nitrite, in the same wayj yields potassium osmyl 
chloride. Thus: 

K,(()s0 2 )(N0,) 4 f 4HC1 - K 2 (0s0 2 )C1 4 + 4IIN0 3 .‘ 

Interchange of the negative radicles can also take place between 
osmyl and neutral ^.salts. Thus the addition of neutral potassium 
oxalate to a concentrated solution of potassium osmyl chloride yields a 
precipitate of potassium osmyl oxalate : 

K 2 (()s0 2 )C1 4 t- 2 K s C,0 4 - K/0s0 2 )(C 2 0 4 ) a + tlvCl. 

Potassium nitrite, under similar conditions, causes crystals of 
potassium osmyl nitrite to form. 

Osmyl derivatives are not stable in neutral aqueous solution, 
although a small quantity of acid sullices to prevent decomposition. 
The neutral water decomposes them with the formation of a black 
precipitate of what has usually been described as osmic acid (see p. 220). 
Thus, in the ease of the chloride : 

K 2 (OsO..)CI 4 + 211/) V-- ll.,()s0 4 + 2lvt l 21IC1. 

The reaction, however, does not continue to completion, since the 
free hydrochloric acid formed during the initial stages preserves the 
remainder from decomposition. 

With aqueous potassium hydroxide solution, potassium osmate 
results. Thus: <■ 

, K/Os().)X 4 -I- IKOH - K.OsO, | IKX 1 2II/). 

Boiling with an excess of hydrbehlorie acid results in the complete 
"displacement of oxygen by chlorine, a chh vosmatc or osmiehloride being 
formed: 1 

K/0s0 4 )X 4 + 811C1 = Iv/)sCl a -1-1IIX + Cl 2 211/). 

Addition of ammonia to an. aqueous solution of an osmyl salt Causes 
the formation of an ammine derivative. Thus* 2 : 

K/OsO/X, + 4NII 5 - (OsO.,)(NI1 3 ) 4 X 2 + 2KX. 

Of the numerous osmyl derivatives that have been prepared, perhaps 
the most interesting aiy! huportant is : 

Potassium Osmyl Chloride, K 2 (0s0 2 )C1 4 .-~This salt is readily pre¬ 
pared 3 by the action of hydrochloric acid upon potassium osmyl 
nitrite, of upon the oxy-osmyl salt, 4 K ; (0s0 ; )0(N0 4 ) i . Thus: 

K 2 (0s0 2 )0(N0 2 ) 2 + illl’i - Iv/0s0 2 )CI 4 + 2HNO a + 1I 2 0. 1 

1 In the nhovo esses, of course, the nitrous acid decomposes, yielding oxides of nitrogen 
but for tho sake of elearnoss this is not represented iu the equations. 

* See this Sorios, Voliyuo X. 

* Wintrobert, At: a. Ckim, fAy.., 1903, 28 , 15. 

‘ Sea p. 228. 
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If a vert slight excess of acid is taken, the reaction is quantitative. 
The actioy must not be allowed to proceed too'energetically, otherwise. 
' he*ehlorosmate is formed {vide supra). 

'•’'lie salt is also obtained by acting on potassium osn.ate with hydro¬ 
chloric acid. At first there is precipitated a black powder, usually 
regarded ns osmie acid (but ree p. 220). This dissolves entirely in excess 
of the acid on warming, yielding the osmyl chloride. Thus : 

k',6sO, -i 2 iin 2 ivt'i ; ir.Ost),. 

11 J )s() , + 2 l\('l 2IHI - K.(Os(),)Vl, -i- 211,0. 

Although the neutral aqueous solution is not. vein stable, the 
contrary is true in the presence of a small quantity of acid. 

Cooling of a concentrated, warm solution yields the anhydrous sail, 
whilst slow cooling causes the (1iht/dr<Uc, K 2 (OsO»)('l,. 2ll,<). to crys¬ 
tallise out as red oetahedra. The last named rapidly lose their water 
on warming in a current of hydrogen gas. 

In the anhydrous condition potassium osmyl chloride also crystallises 
in red oetahedra, which arc readily soluble in water. From the solution 
a black precipitate of osmie acid separates as explained above. When 
heated in a current, of hydiogea the salt is decomposed at. 201’ ('., 
metallic osmium being obtained. 

Ammonium Osmyl Chloride,(\ 11 ,),< KO,. (' I ..obtained 1 by t he act ion 
of hydrochloric acid upon ammonium osmyl oxy-nitritc, yields red 
crystals isomorphous with the corresponding potassium salt, than 
which, however, they are rather less soluble in water. 

Potassium Osmyl Bromide, K ; (0s(). - ,)llr,.2lF(). has been obtained 
in the hydrated condition only, and is isomorphous with the correspond¬ 
ing nydratedchloride. 1 Ammonium Osmyl Bromide, (Nil ,),Os(). i! .lJr 4 , 
hits likewise been prepared, but no Iodo Derivatives have as yet been 
isolated. 1 

Potassium Osmyl Nitrite, K-((M),',(N0 2 ) v results vie a osmium 
tetroxide is reduced with nitric oxide in the presence ,,f potassium 
nitrite 1 : 

OsO, -f- 2NO + 2KNM, K.fOstFKNO,),. 

It mu also be prepared by cooling a warm solution of potassium 
osmyl chloride, containing a trae«e of acid, after addition of potas ipm 
nitrite iy the requisite quantity. Thus : 

K 4 (OsO t )CI« -V -i.KNOj K,{()s() ; )(N0 2 )., -I- 4KCI. 

The crystals of potassium osmyl nitrite obtained by e-oling of the 
warm, eoneentrated solution readily decompose; even in closed tubes, 
if exposed to sunlight 1 , the deeomposiii’on is raj.:', needles ol osmium 
tetroxide and brown njtjous fumes appearing ; 

K 2 (OsO*)( NO,) 4 = Os<> 4 -| 2NO + 2KNOj. 

Tin* crystals are decomposed by water, but osmie acid is not pie 
cipitated owing to oxidation of the osmium to tetroxide by the nitrous 
acid. With, excess * of potassium hydroxide potassium osiyato is 
formed: , 

K 2 (0s0 2 )(N0 2 ) 4 + 4K01I *K,()s() 4 ■{, 4KN'G_ -| 

1 Wintc bert, Ann. Chin*, l'hya., 1^K)3, *8, 15. 
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Jf, however, potassium hydroxide is added, little by* little, tc 
.solution of the osmyl ‘nitrite in the proportion of two molecules 
'hydroxide to on# of nitrile, a new salt, namely, potassium osmyl 
nitrile, is obtained; Thus : f • 

K 1 (C).sO J )(N() t ) i f 2KOI1 = K a (OsO a )0(NO a ) 2 -)- 2KNO* I 11,0. 

Ammonia reacts with an aqueous solution of osmyl nitrite tog: 
an amniino derival ive, 1 0s0 2 (NII ; ,) 4 (N0 2 ) 2 . 

Several Osmyl Oxalate! have been prepared and described, 2 notal 
those of potassium, sodium, ammonium, silver, barium, and strontium. 


OSMYL OXY DERIVATIVES 

Osmyl oxy derivatives differ from osmyl salts in that, they contu 
an additional atom of oxygen, but have two monovalent negati 
radicles the fewer. The general formula for these substances is thus 

M 2 (t)s0 3 )X», 

where M and X have the same significance as hitherto (see p. 

Osmyl oxy salts have been made the subject of careful study 

Wintvebcrt. 2 They can frequently be prepared by the action of 

oxidisuble salt upon osmium tetroxidc. Thus, potassium nitrite real 

with the tetroxidc as follows : 

» 

' 0s0 4 -] :SKNO, = K 2 (0 s 0 3 )(N0 s ) 2 I- KNO,. 

Potassium oxalate reacts in a similar manner, but more slowl 
whilst ammonium oxalate yields' an animino salt, namely : 

‘ 0s0 2 (NII 3 ) 4 C 2 0 4 . 

Ilavind onfc obtained a suitable osmvl oxy salt such as polassiu 
or sodium osmvloxvnitrite by a method similar to the above, it is n 
dillieult by suitably choosing the nagents to prepuuc many oth 
derivatives. Thus, .the ammonium salt may readily be obtained 1 
double decomposition of ammonium chloride and the sAflium sa! 
TIhS's: 

Nu 2 (0s0 3 )(N0 2 ) 2 + 2NII 4 C1 - (NI1 4 ) 2 0s 0 3 (N0 2 ) 2 + 2NaCl. 

Again, by acting on this new salt with hydrochloric acid in the col 
ammonium vismyl oxychloride is produced 3 : 

(Nll 4 ) 2 0s0rVO^ + 2I1CI « (NI.I 4 ) 2 0 s0 3 C1 2 -1- 2HN0 2 . 

When, therefore, any particular derivative is didicult to prepare 1 
the direct method, it is frequently possible to apply indirect methoi 
with success. *i 

Osmyl oxy salts exhibit practically the same properties as osrn; 

1 Sec p. 231. 

* Wintrcbert, Ann. Ckim. Phi/}., 1901 z8, IS. 

* Potassium Balts apparently do not bqhavo in this way with halogen acids, but a 
oonvorted directly into osmyl derivatives; title infra. If the abovo reaction is carri; 
out in the warm, thoammonium salt is converted into the osmyl chloride or even tochic 
osmate, (NHpdtsCI,. See p. 227. 
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derivatives* For example, water decomposes them with formation of 
osmic acid : 

m,(0s 0 3 )X 2 -f ii,o - u,ol:) 4 -i -“V.x. 

The reaction, which proceeds slowly in the cold, i^ rapid on warm¬ 
ing. Potassium hydroxide reacts similarly. Tims : 

- M,(OsO ;i )X, f gKOIl K.()s0 4 i -.'.MX ! 11,0, 

whilst the halogen acids yield halogen osmates. Thus, in the ease of 
hydrochloric acid : 

M,(OsO,)Cl, 4 Ol 1C 1 M,OsCl„ -I CL -I Jlll.,0. 

Osmvl oxy salts may fiecjucntly be converted into osniyl derivatives 
by the action of a reducing acid. For cxamjilc, ammonium osmvl oxy- 
oxalatc is reduced by oxalic acid to ammonium osmvl oxalate as follows : 

(N1I 4 ),0s 0 3 .(•.,()., -| 11,1,0, ■ {Xll.,).,0s0,((',0,,), -| 11,0. 

In a similar manner it is possible to convert an osniyl oxy derivative 
containing a certain acid radicle into an osmvl salt with another acid 
radicle. Thus potassium osmvl oxynitrile with hydrochloric acid yields 
potassium osmvl chloride : 

K,Os(L(XO,), | tUCI - K,(()sO,)( l, -i ”11X0., ! 11,0. 

Transformation in the opposite direction, namely, from osmvl to 
osmvl oxy derivatives, is more diHieulf to effect, althoied. it ha been 
accomplished in the* prepara I iem of potassium eismyl eixynil i ite(ser p. \i- S). 

Ammonium Osmyl Oxychloride, (Nil ,),OsO,.Cl,. is eihlaim ei by 
careful adelition e>( hydrochloric acid to the ceirrcsponeling nitrile 11 : 

(NIl 4 ),OsO :l (XO,), -| »1IC1 - (NlI.,),OsO ;) (l, -t •.’11X0,. 

It is an advantage tee use a slight cxe-ess e>f acid, an it tends tee 
prevent oxidation freim the 1 nitrous fumes, 'l’lie- te mpeiaitfie, howeve r, 
must not be greatly raised, eitherwise the osmyl salt, (NlI ) ).,()sO,.l l 
or eve'ii the 1 ehlorosnmte, (NH 4 ),OsCI # . may result. On very gently 
warming the- nitrems fun.es are disengaged, anel .a yelleiw crystalline 
deposit. #f ammonium osmyl oxyehlei. ieh. is eihiaiueel, which is but 
slightly sellable in water. AVithVaustic potash, aninmnia anel pot... auni 
osniate. arc formed, the latte-r imparting to .'lie solutiem its characteristic 
red-violet colour. 

Potassium Osmyl Oxychloride is apparently too unstable o exist, sines: 
its osmyl oxynitritc is converted directly into osniyl chloride by (In¬ 
action of hydrochloric acid. 

Ammonium Osmyl Gxybromide, (N11 4/ .,C»*..•. t *r 1 , is prepared in an* 
analogous way to thee. hloridc. 1 'iiius : 

(Nil 4 )j0s 0 3 (N0 2 ) 2 + ylljlr = (NH 4 ),0s(Lltr, -j 211X0,. 

Tne salf is obtained as a yellow, crystalline powder, but slightly 
soluble in water-. With potassium hydroxide amiii. eihi, is evolved, 
potassium osmate remaining, th is indicating the hexavalenl vattirc of 
the osmium. , 

No corresponding potassium salt is knowy. 

1 VV'atrcbcrt Ann. (tint Phyt^ 1903, 28 , 15. 
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Potassium Osmyl Oxynitrite, K 2 (0s0 3 )(N0 2 ) 2 .311,0, is fcadily ob¬ 
tained 1 ns the result of the direct action of a concentrated si Jut ion of 
potassium nitrite Su osmium tetroxide : 

Os» 4 4- »KNO t - K 2 (0s0 3 )(N0,) 2 + KNOj. 

If nitric oxide is passed through a solution of osmium tetroxide in 
potassium hydroxide containing exactly one molecule of the former to 
two of the latter, potassium osmyl oxynitrite is formed, and may be 
isolated on concentration lof the solution. The reaction probably 
proceeds as follows : • 

OsO, l» 2KOI I + 2 NO Il,0s0 4 + 2KN0, 

‘>K\0, 4 - IIjjOsO,, K s (OsOj)(XO s ), ! II 2 0. 

An interesting method of preparing the osmyl oxynitrite consists in 
acting on the osmyl derivative with potassium hydroxide. Thus : 

K 2 (0s0 2 )(N0 2 ) 4 + 2K0II •- K 2 (0sO :i )(N0 2 ) 2 + I1 2 0 + 2KN0,. 

This is one of the few cases in which it is possible to pass from an 
osmyl salt to an osmyl oxv salt. 

l’ofassium osmyl oxynitrite crystallises in the form of brownish 
black needles, which dissolve in aqueous potash, yielding potassium 
nsmatc. The crystals are only slightly soluble in cold water. At 35' ('. 
they begin to lose their water of crystallisation and acquire a yellowish 
tint. When crushed in a mortar the odours of osmium tetroxide and 
nitrogen peroxide become apparent. When heated in a current of 
hydrogen to 200° C. the salt decomposes without explosion, free osmium 
remaining behind. 

Sodium Osmyl Oxynifrite, Na 2 iDs0 a )(N0 2 ),, is apparently formed 1^ 
the action of sodium nitride on osmium tetroxide. 1 It has not been 
isolated from the resulting solution, as evaporation yields merely a 
syrupy^iquij. Addition of ammonium chloride to the solution changes 
its colour from deep brown to yellow, and a yellow crystalline powder, 
“namely, Ammonium Osmyl Oxynitrite, (XI l ,l,Os() 3 .(Nb,),. is deposited. 

The corresponding silver, ij(iriuii\ iftul strontium salt* have been 
prepared, crystallising with one, four, and ‘three molecules of water 
respectively. 1 The osmyl oxyoxalates • of potassium and ammonium 
have also been prepared. 

OSMIUM AND SULPHUR 

Osmium Disulphide, OsS 2 , results - when a current of hydrogen 
sulphide is passed <"-y tlfy osmium oxysulphide (ride infra), which is 
gently warmed. At higher temperatures the reaction is very vigorous, 
the who'e mass glowing with heat: i 

Oj 3 0 3 (SI1) s 4 - 2lIjS =20sS, 4- 3II 2 0. 

It is also produced on passing hydrogen sulphide through a neutrr 
solution .of an alkali osmatc 3 or-chlorqsmate^ * 

1 Wintnbcrt, Ann. Chim. 1’h'r., 1803, 28 ,15. 

* Morula and WiRcUin, Xcittch. nnorg. Chan., 1893, 3 , 153. 

1 IrtSuiy, .tun. Chim. i’hya., 1844, 12 , 521. 

* v radius, Ann. Chim. !%»., 1829, 40 , 283. 
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Osmium Tetrasulphide, OsSis obtained as a brown prceinilatc 
when hydrogen sulphide is passed through an acidified aqueous solution 
of the tetroxide . 1 It. is not affected by sola! i ns oPthc hydroxides ftr 
su'pludes of the alkali metals, in which it is ms^hible.- It oxidises 
readily in the air. and at high temperatures it dccompfVes, yielding the 
free metal. When gently lu'iiled in vttetto it is staged to yield a sulphide* 
of composition :: Os 3 S r> . 4 

Osmium OxyArlphid , Osd),(SlI),, is obtained 1 as a brown powder 
by the action of hydrogen sulphide on dr^' osmie acid, ILOsO,. The 
reaction is very vigorous, the mass being raised to glowing temperature, 
•rater and sulphur vapour being emitted : 

211,0x0, tILS Os,O,(SII), I- rdU) 2 S. 

The oxysulphide dissolves in acids evolving hydrogen stdphide. 

The heat of the reaction indicates that wat-'r cannot be present as 
such in the sulphide. Mornlit and Wischin suggest the following 
constitution : 

/SI I 

Os () 

’I 

1 

() 

As () 

\sii 


This is supported to some extent bv the facts that ( 1 ) the oxysulphide 
dissolves in sodium carbonate solution with evolution of carbon dioxide, 
.*ad ( 2 ) yields with solid potassium sulphide a yellow substance, hydrogen 
sulphide escaping. These facts suggest that the oxy sulphide lias a 
distinctly acid nature. Again, with ethyl iodide, mercaptan is pro¬ 
duced. This clearly indicates the presence of an SII group. Thus: 


/.si i /S.c,ir s 

Os O *Os O 

* -1 -2C.1U v (>/ ' -pgiir - 2 ( ,n,sii 1 gOso... 

\ 

0s 0 Os () . 

\sil . \S. (I.,!!, 

•0 

The precipitated osmium dioxide discloses its unsuiurated nature 
hy exploding when heated with organic su Internees. K. von Meyer”, 
describes the preparation of an osmium oxyv ‘./Jiide by passage of 
hydrogen sulphide through a solution of osmium tetroxide. 

Osmium Sulphite, OsSO,.—This salt is prepared hy ireduotion of a 
solution of osmium tetroxide vfith sulphyr dioxide,' 1 The solution at 
first "becomes yellow, and finally assumes an indigo-bine colour. Oil 
* 

1 Beraelius, Attn. Chim*Pky*», 4829, 40, £83. 

a Claus, Hull. Aaul. Set. p/tr>yjrad, 1800, i, 119. 

s Berzelius, l(*c. cii,; Truitt dt Chjpnie, 1840, 2, 408, 

4 Moraht and Wischin, Zr.ilsJh. nnorg. Cbm., (^93, 3, f.£l. 

5 E. von Moyer, ./. prakt. Cbm., 1877, [ii| t 16, 77. 

• Berzelius, Ann. Chim. Phyi., 1839, 40, 28^; Vtimy, ibid., *844, 12, 521. 
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evaporating to dryness and drying at 100° C. in vacuo the salt*is obtained 
as a blank,"insoluble powder, which, however, dissolves in arid. 1 2 
' Complex OsmUulphitew- On passing sulphur dioxide through*an 
alkaline solid ion of osmium tetroxide in sod him hydroxide iiiilit it 
beeilines almost* neutral, a brown crystalline precipitate is obtained, 
•namely, the eomplex*.vw/mm osmisulphite ,*3Na 2 0.0s0 3 .4S0 2 -|- SlIjO, 
or: 

- f > s ^ (.S0 3 Na) 4 4 5H/). 

The salt, dissolves easily in warm water, yielding a reddish browfl 
solution. On treatfticnt with caustic sod*, a violet solution of sodium 
osmale is obtained, whilst barium chloride and silver nitrate precipitate 
respectively a light brown barium salt and a yellowish brown silver 
salt. Hy t reatment of osmium tetroxide in potassium hydroxide under 
similar conditions with sulphur dioxide the complex 7K 2 0. lOsO ;l .10SO a 
has been obtained both in the anhydrous condition and with 3 and 
7 molecules of water respectively. 

In concentrated alkaline solution, prolonged action of sulphur 
dioxide yields the complex 11K 2 0.40 sJ) ; ,. 14S0 2 -f- 7lI a O. 

Uofli of these salts, on treatment with caustic potash, decompose 
quantitatively into potassium osmato and sulphite. 

liy the action of sodium hydrogen sulphite solution on one of sodium 
ehlorosmate at the boiling-point, a whitish brown crystalline compound 
is obtained, to which the formula 

10s(S0 3 ) 6 |Na s . 81 IjO 

is given. 

If, however, an excess of.sulphite solution is used, and the mixtuft 
allowed to stand for several weeks, needle-shaped crystals of sodium 
clilnroswisuli>liitc separate out, ranging in colour from dark yellow to 
bright brown, and containing two atoms of chlorine, thus: 

[ 0s 

The same salt is also formed - by mixing solutions of normal sodium 
sulphite and ehlorosmate in the cold. If, however, the solution is 
gently warmed, the monochlor derivative, 

[0s (s ^)jNa ; .6lI a 0, 

is produced. 

‘ Potassium IItidrnpsiw4 : ;.1orosmisulphitc, OsCl 4 (SO ;! ) 1 I\ B IIo, obtained 
by the prolonged action of potassium hydrogen ^sulphite on |x>tassium 
osmiehloride, crystallises in dark red, monoclinic pi isms. When heated 
with hydrochloric jjcid it evolves sulphnr dioxide, and is converted into 
potassium osm\blonde. 

Other complex derivatives have been prepared,, 

1 Claus, Bull. Acad. Sci. Vtirogradf. 1803, 6, 104. 

2 Rosi'iilicim anil Sassemth, Zeilsch. itnorc. (‘firm., 1899, 21 , 122; Rorenlieim, ibid., 
19(H), 24 , 420. 
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OSMIUM AND SELENIUM 
Osmium selenatc is not known. 

In the* told, selenic jioid is without action on osmium, nut at ntiout 
l->0' C. the metal dissolves, yielding a colourless solid io\ a hit’ll conlnins 
sclenious acid and osmium tetroxide. 1 - 


OSMIUM AND NITiyiGKN 

( Osmium Di-ammine Hydroxide, OsO(NH,),(OIl).,, results when the 
tetroxide is dissolved in concentrated aqueous nnv>|toni\ and heated in 
a closed vessel to 50' ('. On opening the vessel and evaporating the 
excess of ammonia, osmosammine hydroxide is olilaiued as a dark 
brown powder. 2 It unites with acids to form salts, and upon being 
heated readily decomposes. When boiled with alkalies ammonia is 
evolved and hydrated osmium dioxide remains. 2 

The most important salt is the chloride, which yields brown crysltils 
which arc decomposed b.y water, giving a basie sail. 

Osmyl Tetra-ammine Hydroxide, OsO,,(NTl :1 ) 1 (OII).„ is obtained by 
double decomposition of its sulphate with barium hydroxide,' 1 «■ of its 
chloride with moist, silver oxide. 6 The solid ion is not stable, and on 
concentration ammonia is evolved. The most important .alt of this 
base is 

Osmyl Tetra-ammine Chloride, Os0 4 (N II S ).,t'l 2 , and is obtained as 
a yellow, crystalline precipitate when ammonium chloride is added to 
aqueous potassium osmate. 8 It is but. slightly soluble in water, and 
boiling water decomposes it into osmium titroxide and osmium di- 
'tmmiiie hydroxide. Its solution gives a violt. coloration with potassium 
1\rroevaiiidc, a reaction that may be utilised for the detection of 
osmium. 7 It is insoluble in alcohol and in hydrochloric acid. When 
heated it decomposes completely, yiylding a mass of spongy osmium. 

The corresponding nitrate and sulphate are known. • 

Osmiamic Acid, OsNOjII, may lie prepared by decomposing tin; 
barium salt with dilute sulphuric acid, or (he silver salt with hydro¬ 
chloric acid. The diluft: aqueous solution thus obtained is fairly 
stable, Rut upon concentration it decomposes. 

Jojy 8 suggested that, osmiamic acid might well be represent as a 
nitroso compound by the formula OsW(N())()II, derived from the 
unknown trihvdroxv compound, Os(NO)(OII) s . which 'orresponds to 
Ru(NO)(OII) 3 : ‘ * 

Such a constitution is in harmony with certain reel ions ef, for 
example, its potassium salt, OsNO a K.“ Tim, 10 reduction of the last 

1 11radccky, Chem, nlr.. 1917, I, 919. 

! Berzelius, Ann. UMnH Phy»., 1829, <f2, 191. 

3 Claus, Hull. Acad.'Sci. PelrograJ, 18(13, 6 , 154. 

* Claus, toe. cil. • 

4 .Claus, <pu» c'it., 1860. 4 , 121. 

4 l'remy, Ann. Chim. Pky»., 1844, 12 , 521. 

1 Gibbs, Amtr. Chftn. J ., 1881, 3 , 233. 

' Joly, fompl. T'nd., 18914 112 , *4 42 

» Friizsche anil Struve, who first prepared the potassium sail, supKrxtcd for it the 
formula K,\,Os,O s . Gerhardt (d./’AuAii., [iii], 12 , 304) shi ned dial this could not bo 
correct. The formula 0sN0,K is due to .Joly (foe.n/ 4 . Henoi the formula for the acid. 

“ Briiard, Thhe, Paris, 1900; Ann./.’him. Phyn., 1900, 21 , 31) 
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named with acidulated stannous chloride yields the amide af potassium 
ehlojosmatc, namely, K 2 0s'NII 2 )CI 6 , the supposition being that the NIJ 2 
group is formed bv direct Reduction of an NO group. 

Werner and ftinklage* however, have pointed out that .cooled 
hydrochloric acid tenets with potassium osmiarnale, evolving chlorine 
and yielding a tcell-eryslalliscd salt of composition K 2 0sNC 1 5 ". This is 
’eonlirmed by Winl reiiert, 2 Now Werner and Dinklage regard it as 
itnprohahle that, a nilroso group can be prcseift in the original acid, and 
suggest the formula : 

» °\ /° 

Os 

0 /7 Nil 

the imido group replacing one atom of oxygen in the tetroxide. 

To the potassium salt they give the tantomeric formula: 

°\ 0 

Os 

KO 7 

Potassium Osmiamate, OsNO .K, may be obtained 3 by the action of 
ammonia on a cold solution of osmium tetroxide in potassium hydroxide. 
Thus : 

OsO, + KOII (- NIT., - OsNO.K -|- 2ll 2 0. 

• 

The salt crystallises in orange-yellow, tetragonal pyramids, which 
partially decompose upon recrystallisation, becoming darker in colour. 
When heated, nitrogen gits is evolved. 

The corresponding barium, silver, and sodium salts have been 
prepared. 

Potassium Nitrosochlorosmate, K.Os(NO)t'l 5 , may be readily 
obtained 2 Idy boiling potassium ^sminitrite with concentrated hydro¬ 
chloric acid : 

2 KjOs(NO s ) 6 + 10IIC1 = 2K-,Os(N(J)Cl 5 +43NO + 5NO, +.511.0. 

, « 

The salt yields orthorhombic crystals isomorphous with the^corre- 
sponfintg nitrosoehlor-mthcnate (sec p. 150). It is very stable. for a 
compound of osmium. Its aqueous solution is quite stable and even 
nitric acid does not. attack the salt as vigorously as usual. 

Potassium Nitjrosobromosmate, K 2 Os(N())lir,, and Potassium 
Nitrbso-iodosihate, K 2 Os(NO)I 6 , are prepared in a similar manner to 
,thc ehloro derivative, ^vliich /hey are isomorphous. 2 

Osmium Nitrite, <~t"(N() 2 )j, is obtained when barium osminitrite is 
di'edfhposed with the theoretical amount of dilutt* ydphuric acid. 4 By 
operating in the cold the evolution of pitrous fumes may be avoided, 
and the liquid appears to contain osnunitrows acid, IT 2 ds(N0 2 ) 5 . : On 
concentrating ,' htrous fumes arc evolved, and osmium nitrite is obtained 
as a deep browmpowder, stable in air. *, 

‘ 1 Werner and Dinklajre, Her., L901, 34 , 2098; Ber., 1906, 39 , 499. 

2 Wintrebert, .4mm. Chim, Phys\- 19o:j, 28 , 15. 

3 Pritzsche*and Struve, Bull. Acad. Sei. Pctrograd , 1863, 6 , 81. 

4 Wiiitrebert, Compt. rend.. 1905. inn. 
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Potassium Osminitrite, K 2 0s(N02) 5 , is obtained 1 by the action of 
exeess of potassium nitrite on a solution ofiiotnssium chlorosmatf nt a 
tejnpera'iurc of about SO 0 : 

. 'KjOsClj + TKNO, =-• K.,Os(NO,) 5 | OKCI -flKNO, | NO. 

• 

It. is necessary to carry oat the operation away from air. as otherwise* 
large quantities of osmvLoxynit rite (see p. 22S) arc formed. 

The crystals obtained are flattened parallelopipeds, canary yellow in 
colour, and readily soluble in water. 3 

Sodium Osminitrite, JVa 3 0.s(NO a )r,. 2ll 2 t), may be obtained advan¬ 
tageously by double decomposition with the silver or barium salt. 3 Its 
crystals arc a little more soluble in water than t lift sc o. the potassium 
salt, and arc possessed of an orange-yellow colour. 

Ammonium Osminitrite, (NII.,) 2 0s(N0 3 ) 5 , may be prepared in the 
same manner as the sodium salt. It yields orange-yellow crystals 
which are stable in dry air. 

Barium Osminitrite, Bn0s(N0 2 ) 5 .II s 0, is obtained by the action of 
barium chloride on a hot aqueous solution of potassium osminitrite and 
crystallising at temperatures above 15° C. It yields yellow plates. 

At temperatures below 15° C. the salt separates out as — amber- 
yellow needles containing four tnolccnlcs of water. 

Osminitrites of silver (golden yellow), slrunliiim (orange!, calcium 
(orange-yellow), magnesium (sulphur-yellow), and zinc (orange-yellow) 
have been prepared. 3 

Osmium Cyanide, Os(CN) 2 .- -W hen an alkali osmocyanide is wanned 
with concentrated hydrochloric acid, hydrogen cyaiikV is gradually 
evolved, and osmium cyanide forms as a dark violet precipitate 1 : 

^ 4MCN . Os(CN) a i 2I1C1 -g.s(CN) g *2M(1 I 2I1CN. 

Hydrogen Osmocyanide, Osmocyanic. Acid, II t Os(C'N) n , is best 
prepared by adding concentrated hydrochloric acid to a cold, saturated 
solution of potassium osmocyanide. On standing, osnuieyafiic acid 
separates out in small white scalds. These are washed with con¬ 
centrated hydrochloric acid, dissolved in alcohol, and finally preeipi-* 
fated out with ether, as ^rilliaTit^erystaJs. 5 

Obtiyned in this way osmocyanic jfoid is anhydrous, and stable in 
dry air. In moist, air it give* a blue colour, probablv owingthe 
formajJTon of osmium cyanide. It readily.dissolvcs in water, giving an 
acid reaction. It is ijso soluble in alcohol, but not. in ether. It has an 
astringent, metallic tasje. Analysis agrees with the formula given 
above. 8 It unites with liases to form salts know;* as.AsMocvapidcs, 
which closely resemble the corresponding ferro- and rut heno-cyanides. 

Potassium Osmocyanide, K 4 Os(tJs , ),.:t'' i _P\is obtained on heating* 
to fusion ammonium ehlorosmate with one and Twin If times its-vaalil, 
• < * r - 

> Giblw, Amcr. S<1., 1802, 34 , 341. 

2 Wintrebcrt, Anti. Chim. Ph ?/•*., 1903, 28 , 15. 

3 'Vintrnbtrt, Compt. rend., 1905, 140 , 585. * e 

4 Jlartius, Uebcr die Ci/anvrrbindnnrjcn der Phiivmfbilh, J)r .elation, Gottingen, 

I860* p. 15. / 

5 Martina* opus cit p. 15.4 

6 Martiua, opus fit.; Claus (Bcilrcigc. of?., 1854. p. 1*0), who fir?4 prepared this acid 
in an analogous manner to that descfiberftty Martins, did not vialyiw it; he concluded 
that its formula must be as above on the ground of ito close re^inb^nec to the nor ro¬ 
ll ponding ruthenium compound. 
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of potassium cyanide 1 for ten to fifteen minutes. Extraction of the 
writ 11;Hi boiling water, jnj .subsequent evaporation, yields emtals of 
IiMassimo osmocyustide eonlnimng three molecules of water. * o 

Marlins 2 neoni|iendcd the following method: Osmium tetroxjde 
is dissolved in potassium hydroxide solution, the latter being present in 
faillieient (jtmiitit v loorender the whole distinctly alkaline. The dark, 
reddish brown solution is now mixed with tye requisite quantity of 
potassium cyanide, whereby the colour becomes increasingly darker, 
until finally it is greenish black. On complete evaporation and gentle 
warming, the dry residue gradually changes pi colour through yellow 
to while. This product is redissolvcd, and from the solution crystal;* 
are obtainable in tli# usual way. 

Potassium osmoeyanide is easily soluble in hot water, and the 
boiling saturated solution deposits, on cooling, the salt as a line yellow 
powder. It is almost insoluble in alcohol, and quite insoluble in ether. 
On slow evaporation of its aqueous solution, the salt yields crystalline 
leaflets isomorphous with the ferro- and ruthcno-cyanides of potassium. 3 
It is a useful reagent for detecting iron, giving with ferrous salts a 
violet precipitate, and with ferric salts a dark violet-blue precipitate. 1 

Anly'drous potassium osmoeyanide is white, and when heated to 
redness in the absence of air yields some free osmium, whilst in air 
osmie acid is formed. With concentrated hydrochloric acid, hydrogen 
osmoeyanide is formed (vide supra). Soon, however, a further reaction 
sets in whereby hydrogen cyanide is evolved and osmium cyanide is 
precipitated out. Other mineral acids behave similarly. 

When chlorine is passed through a solution of potassium osmo¬ 
eyanide, the latter assumes a dark colour like that, of potassium ferri- 
eyanide. Martins 5 could not obtain any osmicyanidc, however, on 
evaporation, but found that, on standing, potassium chlorosmatc wa* 
formed. • 

Barium Osmoeyanide, I!a 2 0s(CN) B .GlI.,0, is obtained by adding an 
excess of butytn water to the violet precipitate resulting from inter¬ 
action of a ferric salt with potassium osmoeyanide. The ferric osmo- 
tiyanide is at. once decomposed, yielding a brown precipitate of ferric 
hydroxide, whilst barium oSnuwiyanidcj passes.into solution, 0 imparting 
to it a yellow colour. . Any excess of baHuin hydroxide is relieved by 
passim carbon dioxide through, and on flow evaporation of the filtered 
liquid the salt crystallises out in stable, reddish yellow crystals, seadily 
soluble in water and aqueous alcohol. On healing to 50 '10° C. the 
whole of the water of crystallisation is expcVed, the anhydrous salt 
renvyning as h yellow powder. 

Barium Potassium Osmoeyanide, BaI\ 2 0s(CN) 6 .311,0, has also been 
•prepared (Martius) 

Detection And Estimation of Osmium—See Chapter X. 

1 Claus, opus <*i(„ p. 98. 

! Martins, opus cil., 1S54. p. 17. 

'' Jtufet. Com pi. mill.. ,1 S9."i. tio, 377,' 

* Clans, opus cil. * 

r 5 Martins, opus cil..\. 21, 

* Mart ins, opus cil., p. 22. 
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IRIDIUM AND ITS COMPOUNDS 


IRIDIUM * 

Symbol, Ir. Atomic weight., 193-1 (4) - 1 «») 

Occurrence and History. -Iridium is found in niduro alloyed with 
platinum or other allied metals, particularly in platiniridium and 
osmiridium (see analyses, |)]>. ‘-’(IS, 25K). Xtvipinsk'ile, a variety of 
osmiridium, contains over 40 per cent, of iridium, whilst xixnslcife, 
another variety, contains up to 30 per cent, of the same metal . 1 

Iridium was first identified as a new metal by Tennant in 1 KCH, who 
suggested its name in recognition of the different colours exhibited by 
its salts . 2 Iridium has been detected in meteoric iron , 3 and its presence 
in the photosphere of the sun has been demonstrated spectroscopically . 4 
The world’s annual production 5 of iridium in normal times probably 
does not exceed 5000 oz. 

Preparation. -Iridium may be conveniently prepared from win- 
ridium.* This alloy is fused in turn with zinc, and tla-n with barium 
dioxide and nitrate. The residue, after treatment with acid and 
removal of osmium by distillation, consists of iridium and a small 
quantity of ruthenium, as explained yn page 1 SO. The liquid is reduced 
To small bulk, ammonium chloride and a little nitric acid added, and 
the whole taken to dryness on the water-bath. A violet-black crystalline 
residue is obtained, consisting mainly of ammonium ehloriridntc. This 
is washed with semi-saturated ammonium chloride solution until the 
washings arc colourless, dried, and* heated to redness, a current o£ 
hydrogen being finally passed over to remove the last traces of chlorine 
and oxygen. On cooling, thc'snetallifc residue, consisting mainly of 
iridium»with a little ruthenium, is treated with aqua regia, which 
removes a little platinum and osmium. Fusion with potussiu.m*i?il rate 
and Hydroxide and subsequent washing* removes any ruthenium us 
soluble potassium ruthenute, the insoluble residue being finally heated 
, to whiteness until cvciV trace of osmium has been volatilised. The 
residue gradually melts to a button of fairly pure iridium, -■> v 

Purification of Iridium.--In practice the purest iridium obtained by, 
the foregoing process invariably confains slRftV-ft^antitics of platihuip, k , 
rhodium, rutheniuns, gmd iron. In order to remove these, 
treats the metal as Hollows. The iridium, in n fine state, of divisif'A, Is 1 
fused with ten times its weight of lead, and kept in4iy‘ molten condition 

1 1)ana, A System of Mineralogy (Wiley anil Sons, 1009). 1 

2 Tennant, Phil. Trine., 1804, p. 411. 

1 Daviso-*, Amer. .t. Sci., 1199, fivJ» 7 , 4. 

1 I.oekyer ComjJ. rend., 1878, 86 , 317 

1 Hanig, (Ksterr. Zeilsch. Rerg.-llyllrnllresen., 1914, 62 , 20,>, abstract J. Soc. Chtm. 
Imi , 1014, 33 , 595. 

• Oevilleand Debmv, Ann, Chim. Phys., 1859, 56 , 388. 

» Matthey, Proc. Roy. Soc., 1879, 28 , 4tS3. , 
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for some hours. On eooliigj, the load is removed with nitrir acid, and 
the A sidiie subjected lojirllonged digestion in aqua regia, whereby the 
|«];itimiiii is removed, andli fnass of iridium, with small, quantities of 
rhodium, mllienimu, and iron, results. 

This is fiisei^wiili potassium hydrogen suipnate at a high tempera* 

,1 lire, which treatment removes practically«11 the rhodium, any remain¬ 
ing (races being taken out with the iron at a ^iter stage. 

The resulting iridium is fused with ten times its weight of potassium 
hydroxide and three times its weight of potassium nitrate in a gold 
crucible. This operation ttikes a considerable time, the iron being 
oxidised, (he iridium converted into insoluble potassium iridatc, and 
the ruthenium to soluble potassium ruthoriatc. 

The whole is extracted with water, and the precipitate washed with 
wider containing alkaline sodium hypochlorite in solution, until the 
washings are no longer coloured, signifying the removal of most of the 
ruthenium. The residife. consisting mainly of blue oxide of iridium, is 
now allowed to remain for a time suspended in a cold solution of sodium 
hypochlorite, after which it is gradually raised to the boiling-point and 
heated until the distillate no longer reddens a solution of hydrochloric 
acid in diluted alcohol. The residue is again heated with potassium 
nitratetind alkaline sodium hypochlorite solution charged with chlorine, 
until the last trace of ruthenium has disappeared. 

It now remains to remove the iron and traces of rhodium. This is 
effected by dissolving in aqua regia, evaporating to dryness, and rc- 
dissolving in water. After filtering, the dark-coloured solution is 
slowly poured.lnlo a concentrated solution of sodium hydroxide con¬ 
taining sodium hypochlorite, and should remain clear without any 
perceptible precipitate. The solution is now distilled, and chlorine gas 
passed through ; the distfllate on being collected in a solution of hydriJ* 
chloric acid in dilute aleohql should yield no coloration, showing that 
ruthenium is entirely absent. The chlorine precipitates out the groutci 
part of tjie iridium as blue oxide, which is washed and dried and reduced 
by ignition in a porcelain tube in u current of carbon monoxide mixed 
<vith dioxide, as obtained by the action of sulphuric acid upon oxalic. 

.Metallic iridium is thus obtained together.with oxide of iron. The 
whole is heated to rejlness wit 1^ potassium hydrogen sulphate, which 
removes the iron and any remaining trates of rhodium. The re^jdue is 
well \\ffishcd with water, therewith chlorine water to remove anyVraees 
of gold, and linally with hydrofluoric acid to take out any silica which 
may have accidentally been introduced with the alkalies or have come 
from the vessels employed. The resulting iridium is calcined with 
ehurteal and nTctted into an ingot. 

, Mat they states thatjfjg'^mctubprepared in this manner, even with 
the utmost care, wi I lit, nil contain very minute, though almost, inappre- 
Viilme, traces of oxygen, ruthenium, rhodium, nnfl possibly iron. 

Leidii* 1 recommends the following, method of purifying iridium 
as obtained by,.c!he process first described. The metal* in a}line 
state of division is heated to dull redness with twice its weight, of 
fused sodium clitoridc in a current of dry chlorine.. On cooling, the 
mass is «xtr,acted with water containing a little hydrochloric acid. 
The solution is filtered, raised to a0° and sodium nitrite added 
until nitrous ftjmes'cense t«> he evolved. Sufficient sodium carbonate 
1 Leidtf, Corn]*!, rend,-1899, 129 , 214. . 
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is now introduced to render the solution decidedly alkaline, then ti 
slight excess of sodium nitrite, and tin: wl»le raised to boiling. •The 
prtjcipitafe obtained contains any iron, lead,tuul golilen'iginally present, 
whilst, in solution are .present iridium, togelhe. wjlli any ruthenium, 
rhodium, and osmium, in the form of the lbllowii gcompounds : 

% • 

Iridium as lr/NO./j.CXaNO, 

• • Rutnenimn as Ru./NO..),;. iNaNO., 

Hhod.um as Rli/Nth^.tiNaNO., 

Osmium as Na/)sOj 

The ruthenium and osmiym are best removeiMry - inversion into 
their volatile oxides, Ru0 4 and OsO.,. '1'iiis is effected bv addition of 
excess of sodium hydroxide to tile solution, and passing in chlorine 
whereby hypochlorites are produced. On continuing to pass in chlorine 
and gradually raising the temperature, the tetri Acidcs of ruthenium anil 
osmium volatilise, und may be condensed in a cooled receiver. The 
iridium and rhodium remain behind in solid ion as double chlorides, namely, 
sodium chloriridate,\a,Ir( l u , and sodium ehlor-rhodite,Nn 3 Rli(’l 8 . which 
are obtained, together with excess of sodium chloride, on evaporating 
to dryness. The crystalline nfliss is dissolved in chlorine wafer and 
reerystallised, whereby the excess of sodium chloride is removed, the 
pure double salts separating out. These are dried and heated to 
•AM)’ C. in a current of dry chlorine, cooled and extracted with chlorine 
water. The rhodium salt has been converted by this ‘rentincut into 
the insoluble trichloride and remains behind, the sodiflun chloriridate 
passing into solution. Addition to the last named of excess of ammo¬ 
nium chloride causes the precipitation of ammonium chloriridate, 
«KH.i) dr('l„. This is washed in a eoucintrated solution of ammonium 
chloride, in which it is insoluble, dried, any reduced at red heat in a 
current of pure, dry hydrogen. On cooling, the hydrogen is replaced 
by carbon dioxide, pure iridium remaining. # . 

Antony 1 prepares pure iridium lit’ precipitation from an acidulated 
solution of the chloride with metallic zinc. The precipitated metal i* 
treated withTiitrie acid (^lcnsiA' I•:};») containing nitrous acid, whereby 
osmium^ind palladium arc removed. Repeated,cxlruction with dilute 
aqua regia (3 parts IICI, 3 parts II/), and 1 part UNO.) dissolves out. 
the bijfk of the platinum and any traces i/ 1 osmium and palladium still 
remaining. 

The metal is now fujpd with potassium hydrogen sulj hate whereby , 
a soluble rhodium compound is produced, and the jnsolitbl. rcsidiy of 
iridium sesquioxide, Ir/).,, is reduced in a current ofliviirogeii, 1 and ’ 
converted into potassium eliloriiidnte bJ*,JV/ating with potussimik 
chloride in a current of chlorine. Repealed erf'iinllisatiou, ty ; J.snioye~j 
anv chlor-rulhcnatrj jPlclds the purer salt, still contaminated, however/' 
with traces of platinum. These arc removed by mlueftig the salt lo 
the metallic condition and heating in a current of M'forine and earlxni 
monoxide to 250 1 C., whereby the platinum volatilise*!,<1cuving a iftrk 
green mass of iridjflm, containing a little chloride. ’Wie pure metal is 
readily obtained from this by reduction. * 

Physical Properties. —Native iridium lias been found ervstalliscd as 
cubes, and is stated to occur less frequently as rhbmbojicdra. In an 
. 1 Antony, UaiuUti, 1892, 22 , i, 275.. 
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examination of a pure preparation belonging to Stas, Pijntz 1 could 
find fto evidence of dimorpilsm or of hexagonal (rhombohedral) crystals. 2 
« Iridium is a h*rd, bnttfc fnetal, which can be filed and wflich taiccs 
a polish. In appciu-ancc it lies between silver aiyl tin ; it is not duejile, 
however, even ^it red heat. Its specific heat is 0-0323, 3 and its eo- 
.cflieicnt of linear expansion with rise o£ temperature (0 -80° C.) is 
0-000,007. 4 The density of the native metal is 22-6 to 22-8. 6 For the 
pure east metal the value 22-42 has been found. 0 It*melts at 2290° C. 7 
and distils in the electric furnace, its boiling-point being approximately 
2 )50 ('. Its vapour, on codling, is deposited jis small crystals. 8 Liquid 
iridium dissolves carbon, but liberates it, on cooling, in the form of 
graphite. 0 • . 

. Ihxiirplitm of Hydrogen. —Iridium foil, when subjected to prolonged 
cathodic pulverisation in vacuo, becomes capable of absorbing some 
sot) times its volume of hydrogen at ordinary temperature. The metal 
becomes considerably •altered in appearance, turning dull grey and 
brittle. Iridium which has been treated in this way yields an amalgam 
with mercury which is completely soluble in aqua regia; furthermore 
the iridium becomes capable of exploding electrolytic gus. 10 

The most intense lines in the spectrum are as follow 11 : 

Arc: 2924-94, 2943-30, 3100-50, 3220-91, 3200-59, 3308-0 f, 
3449-13, 3513-82, 3510-11, 3522-21, 3573-89, 3038-84, 3800-25. 

Spark : 2833-32, 3513-85, 3573-90, 3000-01, 3731-49, 3800-25, 
3895-72, 3970-49, 4020-20, 4070-07, 4399-72. 

Iridium BlAck consists of an indefinite mixture of finely divided 
iridium and its oxides, 12 and is obtained by reducing iridium compounds. 
For example, the sesquioxide dissolved in alkaline solutions yields a 
deposit of iridium black oft boiling with alcohol, the latter being oxidise* 
to formic acid and aldehyde. 

Iridium black is soluble in aqua regia, and like its platinum analogue 
possesses considerable catalytic activity. 13 For example, it converts 
ozone into oxygen, hypochlorites .into chlorides, and free oxygen and 
chlorine water into hydrochloric acid and oxygen. 

Colloidal Iridium is readily obtainedttv reducing an aqtfeoiis solution 
of the chloride with hvdra/.ine hydrate 14 or sodium amalgam^ 15 in the 

I Print/., Compl. rend., 189,7, I r6, 392. * 

• C 8 Ti;|mro Hose, Poay. Annulcn, 1835, 34 , 377; 1841,54, 537; 1841, 55,32$ ; 1849, 
77 . 145. 

• Violle, Compl. rend., 1870, 89 , 702. Ri-gnault gave 04)3715 (Ann. Chim. J'lnje., 
1840, 73 , 53). 

4 Fi/oatt, Comid. re.gl., 1809, 68, 1125. 

‘Vi-, I'm- Snwtfen, 1835, 34 , 377; 1841, 54 , 537; 1849, 77 , 143. 

0 Dtnillo and Del.ray, Compl. rend., 1S75, 81 , 839. 

* 7 Mendenhall and lng cpj fl.'*< t )Uw. Review, 1907, 25 , 1. Earlier figures are 2200-2300° 

% fWoydty.'S-.«-, 1S79, 13, irO) and 1900° (Violl^, toe. oil.) 

'-‘ ir Moisaa«, Compl. rend., 1906, 143 , 189. 

• Moissan, ibid., 1396, 133 , 16. 

10 Rother, Her. K. Sj:hr. (let. IFmj. Maih.-l’hys. Hi., 1912, 64 ,5 ; J. Chem. Soc., 1912, 
103, ii. 1179. 8 oe*«im> Outbior and nis co-workere, Jicr., 1919, 53 , B, 136ft. • 

17 Kxner and mschek, Die Spekiren der Rtemenle bci normidtm Ihruck (Icipzig and 
Wii-u, 1911). • . 

II .See Dsebereinor, Schvvit/ger'e J., 1831, 63 , 485; BoTtger, J. prakl. Cnem., 1834, 3 , 
276. 

1J Sehonbein, Annoleg, I860, 7 , 103, 113. ' • 

“ Gutbicr andjlofmcicr, J. jlhikl. Chem., 1905, 71 , 368, 452. 

** l'aal and Ambergcr, Iter., 1904, 37 , 124.- 
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presence oj a protective colloid such as gum^cacia, or sodium profalbate 
(or lysalbate). Hydrogen, sodium formate! or formaldehyde nuft' also 
be used, # instead of the hydrazine, as reducing agent ;. 1 * 

t W.hen evaporated,to dryness over concent.; it oil sulphuric acid in 
vacuo the solid hvdrosol is obtained. This dis:orvos # in warm water, 

. yielding the colloidal solution again. The solution, when shaken with 
barium sulphate or animal charcoal, is decomposed, the metal being 
coagulated and thrown out as a precipitate. 

Colloidal iridium may also be prepared by llredig’s method, which 
consists in sparking between iridium electrodes immersed in ice cooled 
•water. A current, of 20 to 25 amperes at 220 volts gives .satisfactory 
results.- The colour of the hydrosol ranges from r*l to t-Iack, aceonling 
to the method of preparation. A small current favours the formation 
of the black solution. 

Colloidal iridium readily decomposes hydrogen peroxide solution, 
the reaction being, as with platinum, mono-tuoleeular ; the rate of 
decomposition is approximately proportional to the concentration of 
catalyst. Alkali does not affect, the reaction velocity, but. dilute acids 
accelerate it. Hydrogen sulphide, mercuric chloride, and certain other 
substances act as poisons 3 Colloidal iridium is less active, however, 
than platinum. * 

Carbon monoxide combines with oxygen, yielding the dioxide at 
ordinary temperatures when shaken with the hydrosol of iridium.' 

Explosive Iridium is obtained bv dissolving an alloy of the me*al 
with excess of zinc in hydrochloric acid, the zinc pussio.; into solution, 
leaving metallic iridium in a finely divided condition. o 

The explosive properly, tirst discovered by accident by Hunscii 1, in 
1K0S, appears to be due to the union of oeehyleil oxygen and hydrogen, 
ti*since the metal is not explosive if |i»cpaml ia the entire absence of air. 
Furthermore the explosive metal on being kept at. 100 to 200 ' C. for 
several days ceases to be explosive." 

Chemical Properties. Iridium is not attacked by l^ioriuc in the 
cold, but on warming to dull redness, vapours of. the fluoride are 
evolved. 7 Also, when employed as anode in the preparation of fluorine? 8 
it is rapidly*attacked, ^'hlorific at red.heat unites with iridium to form 
the triqjiloridc; a mixture of cftlorinj; and carbpn monoxide at 2MFC. 
has lio action on the metal 9 although platinum is attacked b\ jb 

Finely divided iridium, w hen heatei^ to reduces in air, absorbs a 
certain amount of oxygen, forming an indefinite mixture of oxiii'IF 
is attacked by sulphur vapour at red heat, and under similar conditions 
phosphorus combines w'tli it to form a fusible phosphate? v hielMji^om- 
poscs at white heat in a lime furnace, yielding the frce'irctnl. 1 

Acids, even aqua regia, have no»aetioi>^jw'.iridium, unless it is very 
finely divided, in which case it is very slowly nTWieked. • 

Fusion with a piTxture of potassium hydroxide and nitrate results' 

> l'anl, IS"., 1017, So, 722. 

> llrossa. Zcilach. phytikoh Clum., 1900, 66 , 1*2. v, 

* Brov*a, loc. cit.i Kcmot and Arena, fiend. Amid. Set. Fit. Mat. Napoli, J 909, 

fiii]. IS, • 

1 f’aal, jhr., 1010, 49 , . r >4§. 

1 Bunsen, AnnaUn, 1868, 146 , 26*. . 

* E. Cohen and Stronger*, Zeittch. pfryeiM. Ohm . 1008 61 , flf ‘8 

7 Moissan, he Fluor et *ejt 10(81; . 10 :i, 46 . 020. 

6 See this Se,ries, Vol. VIII. 

Antony, (lazzeltr, 1892, 22, i, 275 ;• 1892, 22 ^ ii, 547. 
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in the formation of iridatcs.j Fused with potassium hydrogen sulphate 
it yicfils the scsquioxidc^ lAlkalis alone have no action when fused 
wK.li iridium 

Heated for sonuj hours in a Bunsen burningi wi f h a smoky flame, 
an iridium crucible is unharmed, since the deposit of carbon can be 
entirely burnt away. • Sulphur in the gas*is likewise without effect. 
Prolonged ignition with copper renders the met|l brittle, but the copper 
can be burnt off. 1 • • 

When strips of iridium are heated to high temperatures in carbon 
monoxide or in nitrogen, no*loss in weight occurs. In carbon dioxide 
and in nitrogen containing oxygen appreciable losses in weight occur* 
at 1300° (!. upwards. This is attributed* to the formation of oxide, 
which is volatile at these high temperatures.* 

Atomic Weight,— Approximate Value. —That the atomic weight of 
iridium is of the order of 193, and not a multiple or submultiple of 
this amount, may be gathered from several lines of argument. The 
more important of these may be briefly summarised as follows : 

(1) The specific heat of iridium between 0° and 100° C. is 0 0323. 
Application of the I,aw of Dulong and Petit leads to an atomic weight 
of 198, yie atomic heat being taken as 6-4. 

(2) A study of the chemical properties of iridium and its compounds 
shows that, whilst closely resembling platinum in many respects, it 
forms a fitting link between that element and osmium. With an 
atomic weight intermediate in value between 190-9 (at. wt. of osmium) 
and 195-2 (at. wt. of platinum), iridium falls into a suitable position 
in the Periodic 4’ablc where these analogies arc recognised. 

(3) Iridium sulphate unites with the sulphates of the alkali metals 
to yield a series of well-defined crystalline salts known as alums. These 
are isomorphous with the better knftwn alums of aluminium, chromium, 
and iron. Application of MUseherlich’s Law, therefore, points to their 
having a composition represented by the general formula : 

M a S0 1 ,lr.,(S0 4 ),.2411,0, 

that is, a molecule of the salt contains two atoms of iridium. Analyses of 
these substances prove the utomjc weightfof iridium, therefore, is 193-1. 

Exact Atomic ifright. -The first determination of the atomic^ weight 
of iridium is due to Berzelius. 3 tlis single analysis of potassium chlor- 
iridate"Tcads to the very high # value Ir — 196-7. 

This value was not supplanted until Seubert’s analyses of ammonium 
and potassium chloriridate were published in ,1878. 4 The salts were 
ignited in a stream «of hydrogen, and the residual metal weighed ; in 
the case of the potassium salt, of course, the metal was obtained mixed 
with potassium chloride,^ivhieh .was dissolved out, recovered by 
jvaijo taUoo.-and weight'd.4,'he results were as follow 5 : 

7 expts. (NII,,).,IrCl 6 : Ir :: 100-900 : 43-732 * whence Ir — 193-38 

8 expts. * KjlrCH; Ir : : 100-000 : 39-880 „ Ir = 192-99 

8 c^pts. K.drfflf: 2KC1 :: 100-000 : 30-820* „ Ir = 19g-88 

3 expts. KjfrCl* : 4C1 : : 100-000 : 29-201 „ Ir = 193-26 

* Crookes, J>oc. Roy. Roc., 1908, 8o, A, 535. 

* ISmicli, Afonatuh., 1905, 26 , 1011., 

* Heredias, Perm. Anmlen, 1828, 1 $, 435. 

* Soubert, fler., 1878, ti, 1787. 

* Tho aritooedent data in the calculations in this section are as follow • 

0 - W-000, N » 14-00$. H = 1-00702, Cl = 35-457, K = 39-100. 
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*n l»a<i Jcly 1 determined the percenMices of potassium chloride 
and iridium in the salt IrClj.8KCl.3lLO, aM the percentage of indium 
m the sat, IrCl s .3NIl 4 Cl: •' * 


3<upts. Ir : 8KC1 :: 100-000 : 115-818 Whence lr ^ 193-07 

2 expts. (NlI 4 ) 3 FrCI 6 : Ir :: 100 000 : 42 003 «„ Ir =, 193-27 

Determinations' of the percentage of iridium in ammonium chlor* 
iridate were made*by IIoy<rmann s in 1911 : 

5 expts. (NlI 4 )jlrCl* : Ir :: 100 000 : 43;ti30 whence lr 192-39 

a’nd by llolznumn 3 in 1912 : 

4 expts. (NII 4 ) : Irt l c ; Jr : : 100-000 : 13734 whci.ee lr 193-10 


The preceding results fall considerably short, of the modern standard 
of atomic weight work, and further determinations of the atomic weight 
of iridium are desirable. Archibald, 4 in 1 SHU*, announced that he lmd 
determined the value lr = 192-90 from analyses of potassium iridi* 
chloride, but no details of tin; work have yet been published. 

The International Committee’s Table for 1921 gives 

b - 1931. 


Uses.—Iridium, both native and alloyed with platinum, is used in 
the construction of scientific apparatus. The native metal, on account 
of its hardness, has been employed for pivots, etc. Alloyed with 
platinum, chielly for stiffening purposes, it has found application in 
the manufacture of surgical" tools, since it is permanent and non- 
corrosive. For the same reason the alloy containing 10 per cent, of 
iridium was used in the construction of fie standard metre and 
kilogram. 

Iridium black has been used for producing a black colour in the 
decorat ion of porcelain. 6 

Alloys. —With the exception of those obtained with atlied metals, 
the alloys of iridium are unimportant. Osmiridium has already been 
described, and platinum alloys are dealt with in the sequel (see p. 203). 
On heating to redness with tin,’the compound IrSn 2 is obtained in 
cubical efystals which may be isolated from the excess of tin by treat¬ 
ment with hydrochloric acid, in which the latter dissolves.® •" 

Iridium dissolves in lead, 7 but without? forming any definite 'om- 
pound. With copper, u pale red alloy is produced, 8 which is fairly 
ductile and harder than copper. Nitric acid effects the si'.ifew. of the 
lead and copper respectively, in the two foregoing filloys, icavi he 
iridium behind as an insoluble residue. 

Iridium yields no definite compound with zii ijo, and 
with iron.® • • 

1 Joly, Cotnpl. rend., i860, JIO, 1131. 

* Hoyermann, Sitz. phys. med. 8oz. Krlanqtn, 1911, 42 , 278. 

* fWzmanit, ibid., 1912, 44 , 84. 

* Archibald, Chan. Hewn, 1909, 100 , 160. 

‘ Frick, Annales Mills, 1836, 7 , 487. 

* Devillo add Debray, Ann. t!him. Phys., I860, 56 , 385. 

1 Deviile and Debray, Compt. rend., 1882, 94 , 1657. 

* Vauquelin, .4 an. Ohim. Phyt., 1814, 69 , 225. 

* See Faraday, Phil. Trans., 1822, JI 2 , 253; BenWius, A-y-.aUn, 1829, IS, 
213 Deviile, Compt. rend., 1875, 80 , 689; Jkiusaingault, Compt. rtnd^ 1879; 82 , 691. 
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Alloys oi iridium witlj silver, 1 gold,* ruthenium,* osmium,* and 
platinum 6 have been prepared. 

* Iridium renders platinum' stiffer, and is for this reason frequently 
added to this metaljwhen required for crucibles, <»tc. For high tempera¬ 
ture, work it has the disadvantage of rendering the alloy subject to 
proportionately greater losses in weight at temperatures above 900° C. 
in consequence of volatilisation. Below 900° # C., however, and up to a 
content of 8 per cent, of iridium, the loss "in weight on heating is 
negligible. 6 ■ , . 

Iridium Amalgam is not? formed by direct*union of ordinary iridium 
and mercury. It has been prepared, however,’ by triturating witli 
mercury the dull grey, brittle metal saturated with hydrogen after 
being submitted to prolonged cathodic pulverisation in vacuo (see p. 281). 


IltII)IUM AND FLUORINE 

Iridium is not attacked by fluorine in the cold. At dark red heat 
a reaction sets in, and at a higher temperature a volatile fluoride is 
obtained in the form of a heavy white^ vapour. 8 


IRIDIUM AND CHLORINE 


Iridium Monochloride, IrCl, is obtained 9 by decomposition of the 
dichloride, IrCl„ by ignition in chlorine at about 790° C„ its range of 
stability being 778° to 798° C. in an atmosphere of chlorine. It yields 
coppery red crystals of density 1018, which are insoluble in bases and 
acids, even in concentrated sulphuric acid. 

Iridium Dichloride, IrCl 2 , was stated to result as an olive-green 
powder when spongy iridium is heated in a current of chlorine, 10 although 
Clans l ! regarded the product as a mixture of the free metal and its 
trichloride. A .similar substance is obtained by the action of chlorine 
on iridium sulphide. 12 

Wohler and Strcicher, 13 however, have prepared the-dichloride by 
ignition of iridium trichloride in chlorine at 770° C., and thus placed 
its existence beyond all doubt.' It is e crystalline substance, brown in 
colour, and insoluble alike in acids and bases. Its limits of stability 
are 703° to 778° C. in an atmosphere of chlorine. Above 778° C. it 
dissociates into the molfochloride and free chlorine. 


' Yauquoliri, toe. oSf. i Tennant, Phil. Trant., 1804, 94 , 411. 

''Tennant, tod. cit .; Miotachke, Berg.-HulttnnUtnnUcke Zeituna, 1800, 50 , 61. 

* Peville and Debray, toe. cH. , 

‘Scop. 212. . 

L » m. ^ -so. r ■ . 

* Burges* and Sale, Bureau of Standard*, Washington, No. 254, 1915; Burgess and 
Waltenbdig, ibid., No. ?80,1018. 

T Bother, Bet. K.'Bachs. Ota. ffiat. Uath.'-Phy*. FI., 1912, 64 , 6 } J. Chan. Sot ., 
1912, 102 , ii, 1179. " ? 

‘ ‘ Moiiaan, Lt Fluor el net CompmJs, 1900, Buff, Btr., 1919, 48 ,920. 

* Wdhler and Sureioher, Btr., 1913, 46 , 1577. 

10 Benelius, TraiU it Chimie, 2nd ed., 4 , 340. 

It a Claus, J. prakt. Ohm* 1846, 39 , 107 i^JJeilrig* tur Chemtdtr PUUinmtlalie, 1854, 
, 0 . 64. " * ' 

If 11 Felleuberg, Pojj. /Insole*. 1840, SO, 66 . 

B' » nfehU. tar. til. • „ 



ror many years,'However, it lias been Knfjvn that indium cticnjpnae 
can exist in combination with certain otlfjr stable salts. Thus, the 
following complexes have been described 1 r Ir('! 4 .II 3 S0 3 .4NlI 4 0Ii 
IrClj - (NH 4 )jSO s . 2NH 4 C1 + 4lI s O, and IrCIj.K^ ) 3 ,:>NU t Cl + 411,0. 

Iridium 'Trichloride, IrCi 3 , is most 'conveniently* prepared 4 bv 
heating the reduced metal—obtained by precipitation from an alkali 
chloriruiate solution with magnesium—with sodium chloride in a 
current of chlorine at 600° to 620° C. The reaction is complete in a 
few minutes. The limits cf stability of the salt under these conditions 
lie from below 100° C. up to 703° C. Above this latter temperature it 
dissociates in an atmosphere of chlorine into iridium dichlonde and 
chlorine, and at still higher temperatures (773° v.) into the mono¬ 
chloride. 

Iridium trichloride is also obtained by heating ammonium chlor- 
iridatc or iridium tetrachloride in a current of chlorine at 440° C. and 
cooling the product in an atmosphere of carbon dioxide.® 

As obtained by the foregoing methods, iridium trichloride is a 
crystalline substance, olive-green in colour, of density 5-30. It is 
insoluble in water, alkalies, and acids; even concentrated sulphuric 
acid and aqua regia having no action upon it. It is appreciably volatile 
at 470° C. 

An almost anhydrous salt is obtained by heating the yellow powder, 
produced by the action of sulphuric acid upon alkali chlorfriditcs, in 
hydrogen chloride at temperatures up to 500° C. The colour remains 
essentially the same, and the composition of the product approaches 
very closely to that of iridium trichloride, with small quantities of 
hydrochloric acid and water, the formula being Ir('l 3 .mIICl .all,0, 
where m and «, however, are but small fractious of unity. 

The product is different from ordinary irid.um trichloride, however, 
in that it is deliquescent and soluble in water. On concentrating the 
solution and drying the product at 100° C. a sesijuihydrale is obtained, ( 
2lrCl 3 .3HjO. This dissolves in water, yielding a grcqpish yellow 
solution. Silver nitrate gives, with this solution, a precipitate, which 
upon drying at 110° C. has the composition IrCl 3 .A/{OH.* 

The salt described in earlier liferaturc as the tetrahvdratc, IrCl 3 .4lI a O, 
appears f^> be an indefinite mixtuVe of the trichloride with water and 
hydrogen chloride, as represented by the formula IrCl 3 . mllCl ;>H„0, 
where v. is less than unity.® 

Hexachloriridites, M 3 IrCl, 

Iridium trichloride readily unites with chlorides of, the alkali motyd*, 
yielding chloriridites, of general formula M 3 IrCl 4 . 

Po tassium Chloriridite, K 3 IrCl,.8 T I 3 0, results (I) whop’ potassium, 
carbonate and chloriridate are heated to redness; (2) ’vacating 
potassium chloriridate fti hydrogen chloride at 440° C. Some iriso’ublc; 
iridium trichloride is simultaneously produced; (3)'it is also*formed 
by reducing^ suspension of chloriridate in» water with sulphur dioxide, 
hydrogen sulphide, or nitric oxide.* The salt crystallises in olitfe 

1 Seubert.JSer., 1878* ii, HflI. ^ * 

* Wohler and Stroioher, toe. cit. ; LMcd on the method of Chut, Beitrige,\). 64. 

1 Leidi£, Gompt. raid., 1899, 129 , 1249 . 

4 PcWpine, Oompt. rend., 1914, *58, 264. 

* DeiSpioe, ibid., 1911,1 S3, 60. 

* Leidfe, Oompt. rtf id,, 1900, 131 , 883. • 
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jjiisi^s, 1 - which effloresce it/, the air, and arc readily soluble in water, 
alllimigh insoluble in alqnltil.^ 

* Tin' iiniiiahijdfilr, K ; ,lrCl g Vll/), was prepared by Duffoui* 2 by the 
act inn of liydrochlprie acid upon the double (palates of iridium and 
pul assiuni ill. Ik ii I inn temperature. It yields greenish brown ortlio- 
I'liomliie crystals, isoiliorplmus with its rhodium analogue, K 3 UhCl n .II 2 0. 

The aipieous solution on prolonged boilin'' deposits an oxychloride 
in I he form of a green powder. 3 Chlorine wafer or*a*|tia regia converts 
I lie salt into the ehloriridale. Addition of excess of alkali to a solution 
of I lie ehloriridite in waterMoes not cause, a.prccipitate to form, since 
the sesipiioxide dissolves as rapidly as formed (vide infra), yielding a< 
olive-green solution^ 

Sodium Chloriridite, Na ;l lrCl c . I2II..O, 4 is prepared by heating 
sodium ehloriridale to HO' 3 C. in a current of hydrogen chloride/' It 
may also be obtained by reduel ion of the ebloriridate with hydrogen 
sulphide, 11 or with sodium oxalate. 7 

On concentrating its aipieous solution, blackish green crystals 
separate out, 3 which melt at. 50° C., dissolving in their own water of 
crystallisation. 

Ammonium Chloriridite, (Nil ,) ;l IrCI 0 .A<i., prepared either hv reduc¬ 
tion of ammonium ehloriridale or by dfeomposing the sodium salt with 
conceiiliiilcil ammonium chloride solution, 1 ' yields dark, olive-green, 
orthorhombic prisms, 10 which readily dissolve in water. 11 II is probably 
the iininnlniilrtite, (Nll,) ;t IrCl,.. II./). 13 Upon ignition, metallic iridium 
alone remains, in spongy form. The decomposition begins to be 
appreciable jint abov e 200' C. 

The ehloriridites of Thallium, 13 Silver," Rubidium, 13 Caesium, 1 3 ami 
Barium 13 have been pn^iaml. 

Aquo Chloriridites. The chlifriridilcs are decomposed by I rent men', 
with water, yielding aipto derivative., of'general formula M did-,. II/). 
Thus : 

- ,, M jlrl'l,. | 11/) MjIrClj.il/) -I- MCI. 

Several of these aiplo salts have been isolated./® 

Indium Tetrachloride, lrl l.,, has been prepared in a variety of ways, 
notably : . , v 

(U Ity evaporating ammonium ehloriridale. (Nil p JrCl s , with aqua 
regia or chlorine water, whereby the ammonia is expelled. », 

1 Dufet, Hull. Hoc. Min., 1890, 13 , -00. 

- DulTour, (\tmpt. rend., 1012, 155 , 222. 

*'.Vus,«/. prvkl. flhem., 1817, 42 , 3.M. 

I 1j ithc gives 1011/). IVle^im'gives 12IL/L 
•’ l,ci<lic, f'umpt. rvnd.. 1899, 129 , 1210 . 

Claus. Hi zur Cfumiv tier Clutinnn tollv. 1S.M. 

7 PtT^YiYe, L'onipt. rend., I DOS, 146 , 1207. 

* llhomltohetlral (Marianne, dalm-ahcr. Min., lS 7 f», j). 188' or inonoclinic (Karmrodt 
ami IMuiatib. Anmtltn; IS7>2, 81 , 120). ,, 

9 Claus, Jii ilrfitj*'* t‘le M l>* 70. 

.* t.t Kefcrstein, Ctujg. AnnaUn. 1830, 99 , 280; lhifct, l*n\ * it. 
u Claus, J. prn(t. Chan., 1810, 39 , 101 ; I’aivv Lea. Sill. Amo. J., 1801, 38 , SO. 

Du Hour, loc. nit .; Joly, Compt. rend.. 1800, no. 1131. 

" 1 Mepino, Hull. Soc. chim., 1908, [iv], 3 , 900; Com pi. raid., 1908, 14 C, 1207 ; 1909 
49 , 1072. 

II riiuis*. prakt. chew., 1847, 42 , 348. 
u Lang, ibuL 1802, 86 , 293. 

u IX'lcpiuo, Compt. rend., 1908, 146 , 1237. 
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iridium and ns comi'oi’nds 

p'j ny jussoiviny iridium Mack or the iLoxide hi hydroehlcyie acid. 
The solution is coneei.trated and any trichloride converlcd into Ira 
chloride i>\ r addition of aqua reyia. Tin' product \ dried in iiiiinU 
wherehv a brownish black amorphous residue is ole iued winch is very 
hvyroseupie and soluble in water. 

{;<:) Iridium tetrachloride mav also be ohtaiin .1 b\ iliivet union oC 
the elements . 1 the chlorine heiny introduced undo' 'hah pressure. Thus 
at lit) (’., in the ]#V'scne( of liquid chlorine, under a pressure of about 
20 at niosphcv.cn. iridium was .radually com cried into the tetrachloride 
in live (lavs . whiht a ear was required a’ l."> Ik under a pressure ol 
H atmospheres. 

Iridium tetrachloride lias heen ohtained eryst aViscii m the form of 
tetrahedra,- hut in tins form it contains water, which is expelled, 
together with hvdroycn chloride, on Matiny. At hiylicr temperatures 
metallic iridium alone is left as residue. 

Iridium tetrachloride is readily reduced to the trichloride. Its 
aqueous solution, on dilution, yields hypochloroiis acid and I lie tri¬ 
chloride. On boilinif. a precipitate of ox\ chloride is ohtained. Adi lit ion 
of excess of alkali precipitates part of the iridium as dioxide, the 
remainder staviny in solution as sesquioxide, heiny preeipilaled only 
upon neutralisation of Hie all,:.a. Addition of alcohol to the alkaline 
soh ! 1 ion precipitates melal'ie iridium, aldehydes and alkali for .ale. 
bciny siniullaneoilslv produced. Hediieiua ayeuts. such as .lamious 
ehioriile. sulphur dioxide, nitric oxidi . Iiydmyui sulphide, h rrous 
sulphate, ele,. convert I lie tetrachloride into trichloride 

llc.riu hlitririihili'x , M,Ii('l,. 

Iridium tel iaehloride unites with chlorides of the alkali metals to 
form rilin' d i'lnlcs. of which I lit- most inn orlaid are: 

Potassiur Chloriridate, Kdr< l, ; . this is prepared by hen liny a, 
mixture of iridium ai.d polaswum chloride in eiiloriuc. and piirilYiny 
(he prodiuu bv crvslaili - d ion f|om its uqm oils solution, •t he mother- 
liquor contains some eliloru idite. wnich, however, may be conceited 
into the iridate bv addition of chlorine water. The sail may also be 
obtained by dccninposin;' sodiiTn^ elilor'.l alate with potassium eliloride 
or by boUiny a solid ion of the ammonium salt with pot a'siuni hydroxide. 
II eryst alii ses in black, regular •»<■!.iln-dra, which are bill sliyhlly , iluble 
in v'ab-r. and insoluble in saturated potassium el.loridc solution, as 
also in alcohol. Tl.e aqueous s. In| jon on hoi liny is part iully deenm: ,ed, 
vieldiny the ehloriridil.e. \Vh< n heated stionylv. metallic iridium and 
potassium eliloti'de remain. Heated to I to C. in a « uriyni ( f h- d:o.;i n 
chloride, the anhydrous, insoluble trichloride is obtained, loyelhi r with 
soluble ehloriridite. 

Potassium chloriridate is isomog lions with potassium i ’ ' >';• Iinalc, 

K s Pt(. I # . 

Sodium Chloriridate, NadrJMj.fill/). is convcm.-ntlx prepared in a 
similar mauncr to the potassium sail. M also results when solutions 
of irabum tetrachloride and sodium chloride are m:x<d and eon. en- 
trated. The -alt <*rVstallises in triolinie prisms'* isonntiphoiis with the 
eorrespoinlmy platinum salt, Na, I’M ]„.fill/). 

5 WVihlrr nn<\ S4rvieh*r, FUr., ItH.'i, 46, i* 7 . 

2 Thomson, SrJ,i,'' ttfjt r 'h J 

3 DufH, FFill. »SV. IHOO, 13 , 
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^mmonium Chloriridite, (NII, 1 ),M'l f ,, is readily produced !iy decom¬ 
posing the sodium salt. wfth ammonium chloride in aqueous solution. 1 
R crystallises in*regular oetahedra, reddish black in eolom*. and'hut 
slightly soluble infold water, allhoiij'li appreciably soluble in hot., It. 
does not dissolve in solutions of ammonium or potassium chloride. 
When evaporated \fith aqua regia, the Minmoli'a is exp, tied, iridium* 
tetrachloride remaining. Healed to ltO’ in a current, ol chlorine 
the tetrachloride is lirst formed and dceomposes'iftlo the anhydrous 
trichloride. 

Ammonium chloriridate is isomorphous with the corn spending 
chlorplatinate, (Nil,)._I*t(’l 0 . 

Its solubility in water is given as foil >ws 2 : 

Tempera 1 ure " (1. . , 14-4 2U-S 30-1 5*2-2 til-2 <i!)-3 

drams of (Nil,). Irt'l,. per 

100 grams solution . 0-004 0-S90 1-124 1-5S3 2-OOS 2-7 th 

The solubility of the salt in water between these temperatures is 
jriven approximately bv the expression : 

Solubility O-USO -f 0-000 !/(/ - 10). 

Rubidium Chloriridate, RbdrCI,,, is obtained hv iiiixiiiLt a solution 

of iridium tetrachloride with excess of rubidium chloride, whereby a 
deep red, crystalline precipitate is obtained. The salt dissolves slightly 
in hot water to yield an orange-red solution.' 1 

Ctesium Chloriridate, l's,IrCl„, has also been prepared. 1 

Silver Chloriridate, Ag JrCI 0 , is obtained as a fugitive blue precipi¬ 
tate upon adding a solution of tlu- potassium salt, to silver nitrate. 

When kept, silver chloriridate passes into the vellow chloriridite, 
AgJrlT,, 8 

Thallium Chloriridate, TI.. Irt’l,,, may be prepared in a similar 
manner to the foregoing salt. It yields small opaque bluish green 
cubes. Wh-n boiled with concentrated hydrochloric acid it is con¬ 
verted into ehloriridilc, Tl.,IiT!,., which crystallises out in lamella* 
which are bronze tinted. These are oxidised by nitric acid to the chlor- 
iridale again.’’ 

Organic Hexachloriridates have also been obtained. 8 


IRIDIUM AND RHOMINT, 

Iridium Tribrqmide, Irllr.,. HI/), may be obtained by dissolving 
the liv'd rated dioxide. Irtb.glLO, in hyilrobromic acid, and evaporating 
to dryness to decompose the te'rabromidc thus formed. Kxtraetion 
with wajyr .and subsequent crystallisation yields olive-green prisms, 
very soluble in water, but insoluble in alcohol. 

At 105-1 * 2 - 1 )' V. the water of crystallisation is removed. 

1 IVlt'piuo, i'ompt. mid., 146, 1 207. 

a UitnWh ami Kortou, /dtu h. nnrmj . (’firm., 1007, 52, 40(5. Other data wore given 
l»y Viuuipu’lin. Ann. Chim., 1814, 89, 228. 

3 RimVaoh and Korton, he. rit. 

i IX'to pint'. Conipt, rend., 1!>08, 46, 1207. 

3 tXdopim*, Com pi. r^nd., 11)00, 149, 107 -1 . 

Rimbach and Korton, 7iCti<eh. anorg. Chrm., 1007, 52, 406; Guilder and hi? eo« 

worker?*, ibid., 10),t, 89 , 311, 




mfbrmr and otiMwtTNDs W- 

An Acjd Iridium Tribromide, TrBr ;1 .n5IBr.:$ir.,0, is obtained ns 
small, deliquescent, steely blue eryslals onf workim; the niotlicr^iqiior 
from llu previous salt lor a furlher crop of ervsla's. It decomposes 
at 120“ C. 

Like the trichloride, iridium tribromide uni I is u,tli bromides of the 
alkali metals to form hrimiriililrx, the most important of which are : 

Potassium Bromiridite, K ,lrBr,..:tII,0, Ion;!, olii e-ip-cen medic-, 1 ; 
Sodium Bromiridite, N.^lrBr,. LilU). brownish rireeu rlmmhuiiedra; 
Ammonium Bromiridite ' (Xll i ) i I' l!iv,|.>lLO. small olive-eiven crystals. 

Iridium Tetrabrmnide Irltr.,, results vlicn I lie hydrated dioxide, 
Ir0 2 .‘JlI 2 (), isdissohed in liydrnbromic acid at a low tempera’ ,aOn 
warmin'! it decomposes, yielding the fribromide. 'Veil alkali bromides 
lirimiinilnlrs arc formed. 

It rum i rirbitrs, M 2 I rHr„ 

Potassium Bromiridate, K drl!r,,. is readily obtained by double 
decomposition of sodium ehloririda’.e and potassium bromide, 1 

It cry si allises in bluish black regular net a be Ira. which are Iml si i < ;1 it ly 
soluble in water. A<pia regia converts il into potassium cliloriridnle. 

Sodium Bromiridate, Na.drlir,.. Aq., crystallises in black needles on 
evaporatin'! a mixed solution of sodium bromide and iridium ielra- 
bromide. 1 

Ammonium Bromiridate, (NII^JrBr,,, separates as ..mull regular 
oeiabedra on mixing solutions of sodium bromide and ammoniuni 
chloriridate. The eryslals are blue in colour, and bn: slighllv so* ’ ' 
in cold water. 1 

Irid’um Oxybromide luis been obtained bv bealini; iridium dioxide 
to .‘Sim C. in a closed vessel with bromine. It yields black needles, 
soluble in water, for which the. fornu !a (Irllr |Jr0 2 lias been suggested. 11 


. IKIDIEM AN1) IODINE . . 

t 

Iridium Tri-iodide, IrL,. -This salt is staled to occur :i when potas¬ 
sium iodirid.ile and ammonium chloride solutions are mixed, iodine 
and the tri-iodide separatin'! out. The former is removed by treatino 
with alffiliol, the tri-iodide hcyig left as a greenish powder. 

Po.assium Iodiridite, Iv ; ,TiI n , is obtain'd in jhe form 'of small, 
green crystals by the action of polasxiinn’iodide on iridium trichloride,* 
Ammonium and Sodium Iodiridite hav< been prepared. 

Iridium Tetra-iodide, Irl„ results when a solulin if aiiu.imiimn 
chloriridate or of iridium chloride in hydroehln, ic arid ■ ImITV, li’with 
potassium iodide. 1 It is precipitated as a black, iieoluble powder^ 
which decomposes at 100 J C. 

Potassium Iodiudate, KJrI # ,*is formed when a solution" of iridium 
chloride is added to one of potassium iodide. The solution is filtered, 
and the io^liridatc obtained on crystallisation as dafk brown oetalu.Jra.* 

Sodium and Ammonium Iodiridates have been prepared. 

1 RitnUaum, prptl. Che.m., 1S05, g6, 207. 

2 Gei-enifeimer, Cotr.pl.. rtifd., 1 SSI I I!(/, 855. 

3 tippler, Dii.vrt'itior,, Gottingen, 1877. Quoted by Moissan, Truitt dr. Chimie 

ttiin/nr/r, 1000, vol. v. • 

4 T.ii i eaien' , ) ./. ('him. tttt'tl., 1835, I, 57. 

3 Opplcr, loc, til. 
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IUyilllM ANT) OXVGKN 

Iridium Monoxide, IrO. -It is doubtful if tins oxide lias ever been 
hlnincd in I lie (j'ee stai r . 1 • 

Indium Sesquioxide, lr/> ;) , is obtainedJiv igniting iridiuni sulphite, 
r by heating an alkali eldoriridate with twice its weight of carbonate, 
'lie product is washed with hot water, and tIn*colloidal residue treated 
bill a solution of ammonium chloride to effect, its cnagulalion, anil 
inally with nitric acid and -dried, the acid serving to remove the last 
races of alkali.- 

In an impure form iridium sesquioxide is obtained by mixing hot 
olul ions of potassium hydroxide and sodium chlonridite in an 
i.tmosphere of carbon dioxide. The solution is evaporated to drvness, 
mil the residue healed to redness in a current of carbon dioxide, 
'’miller purification is effected by boiling first with sodium hvdroxidc 
idulion and I lien with sulphuric acid.’ 

When healed above too' ('. iridium sesquioxide decomposes, yielding 
Metallic iridium and its dioxide, a little oxygen being likewise liberaleij. 

It dissolves in hydrochloric acid, yielding a colloidal solution. 

Hydrated Iridium Sesquioxide, I r 2 <) P. 5 11 a O, is obtained as an olive- 
green precipitate on addition of the requisite quantity of potassium 
hydroxide solution to one of ehloriridite. If excess of potash is taken 
no precipitate, appears, since the sesquioxide dissolves as rapidly as 
formed, yieldin'; an olive green solution, from which, however, it is 
precipitated on.additinn of acid. 

’flic precipitated oxide readily oxidises in air, ft dissolves in 
acids to a yellowish green solution. The alkaline solid ions readilv 
oxidise on boiling in air or on addition of hydrogen peroxide, the dioxide,, 
being precipitated ( vide r infill), Moiling them with alcohol causes 
reduction to iridium black. 4 

Iridium .Pioxide, IrO,, is obtained when potnssiuiy iridnte, 
Ir0 3 .t!K a ().U s t),. is heated with, excess of potassium bromide anil 
chloride. The melt is extracted with water, the insoluble residue 
treated with aqua regia to dissolve any 4 unchanged iridnte, and finallv 
dried at 100' (‘. flic product thus olaained is pure, crystalline iridium 
dioxide/' ' , 

'ITie same oxide,results, hut. in an amorphous condition, wbeii linelv 
divided iridium is healed ill a current of air or oxygen to bright redness. 
For eomplele oxidation the reaction must be continued for many hours, 
until a constant wyjglit has been reached. 6 the metal becoming black. 
The "optimum temperature for this reaction is 1070 ’ C. 7 
, Finally the anhydrous dioxidejs obtained by heating the hydrated 
oxide to 

When healed, iridium dioxide decomposes ‘into oxygen and the 

4 , 1 

1 Wohler mid Witz tv tun, Zcitm’h. anorq. Chan., 1008, 57 , 323. Compare Claus, ./. 
limit Chan., IS 17, 42 , 350; Devillo'and Dehrav, Compt. rend., 1878, 87 , 412; So'*bert. 
JJrr.V'1878, ii, 1701. 

2 Clans, Joe. eit. , 

a Wohler and Witz maun, Ztiforh. aiumj. Clint]., 1008,* 57 , 323. 

* Birnbanm, Atnndcn, 18(»;>, 136 , 177. 

r * Ceisenheimer, Cm apt. raid., 1800, no, S55. 

n Coisenheimer, lor. al. <. 

7 W.Oiler aiuI 'Wit/.mann, Zeitseh. Rleklrochnn., 1008, 14 , 07. 
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metal. Tbe dioxide and ntelal are inutualR soluble to a ccrtnui extent, 
so that, alter a certain amount of deeompojition has occurred the solid 
phase consists of two saturated ■ obitions, and yjeWs a constant dis¬ 
sociation pressure . 1 # 

Iridium dioxide is readily reduced to the lrnaij hy healiny in 
. hydroyen. . # 

Hydrated Iridium Dioxide, IrO,. 2 FL(). results (I) when excess of 
caustic alkali is added to a solution of ehloriridale or of iridium tetra¬ 
chloride. Any sest)uioxic simultaneously produced passes into solu¬ 
tion, hut i . converUd into the dioxide hy hoiliny in air. hy addition of 
hydrogen peroxide, or hy passing a current of oxycn thn uyh the 
solution. 

(2) On addition of alkali in the presence of air to a doable sulphate 
of iridium . 2 

On hoiliuy for several hours crystals of potassium iridate in a 
solution of ammonium chloride. The crystals are gradually converted 
into a lloeeulent. precipitate of hydrated dioxide, ammonia briny 
simultaneously evolved.' A similar precipitate is obtained on boiliny 
the blue solution formed duriny the preparation of potassium iridate 
(vide infni | with excess of ammonium chloride. 

The precipitated oxide can nr obtained in a very pure stale m this 
manner, bv drviuy in carbon dioxide at Ittu then hoiline with 
alkali once more, and finally with sulphuric acid.’ 

(I) On heatiny to redness for two or three hours a mixture of lincly 
divided iridium and sodium hydroxide and nitrate The mass 
ext raelcd with water, leav iny I lie hydrated oxide as residues' IV I'ablv 
a sodium iridate, analoyous to the potassium salt, is formed, which, 
briny unstable, is decomposed duriny the extraction with water. 

• The colour of iridium dioxide d pends b a la rye extent upon the 
hydration. Dried over concentrated sulphuric acid it contains two 
molecules of water and is black in colour. When heated to 7<>0' C. it 
becomes anhydrous. , . 

Cnll'iiiliil Iridium Dioxide is obtained by mixiny oldtions of pot as 
sium hydroxide and ehloriridale in the cold, the solution yradnatly 
heeominy violet in colour,'’ amt finally Ihe violet dioxide separates out. 

Wlaiii boiled, th<r violet solution becomes blue, attributable, perhaps, 
to ayyreyation of colloidal parkie’es. 

jrnlium dioxide also exists in colloidal form ii. solulions*of>laiiird 
by dissolviuy the amorphous oxide in hydrochloric acid. *■> 

The tiiwmhjidrtite, lj() 2 .11/>. does ml appear to exist, but the, 
potassium sails. (ilrO.,. K..O and 12 lr().,. K ,<), are ekiiiiKxt to have been 
isolated . 5 _ “ ' ~ * 

Iridium Trioxide, IrO.„ has nt I been isolated In a jmre stale, and 
appears to he unstable in Ihe ah euee of alkali.. Oxvyyj is absorbed 
when the dioxide is ( hi f uted with alkali in oxyyi n but not in the -mount 
theoretically reipiiivd to eonvej-t: the whole into ti^oxidi *. 4 

'e| u; potassium salt," K 2 (). 2 lr().,, is •fleserihed as resulliuy when 
potassium nitrate and iridium are fused toyi tlicr." • 

1 \y«»hIiT at*d Wil/.iuann, XtiiyJi. Eh »tm> lit m., BM»K, 14 , 07. 

2 Lcctxj lie Boisbaudinn, rind., 1K*X 96 , !!?!?«», I lull, 15,7U 

* G«’is«*nh*imor, loc. cit. , 

* Wiihlor and Wiizmann, Vt-tech, unorg. < tnj'i., V 57 , .TJX 

5 }Sof k Luidi*' and .Toly, Cotnpl. mid., 120 , 1 i'll • 

* Claus >J. j rijii. Chun., IS10, 39 , 101. • 
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Anoly'icr potassium salt,|Tr0 3 .2K 2 O.11,0, is said to ho retained on 
Iic-jiI iuy lor a couple of hours finely divided iridium with a mixture of 
potassium hydroxide aiuf nitrate. The black crystalline massTesultifig 
is readily soluble in,pot ash solution, to which it jmpurts a blue colour. 1 


IRIDIUM AND SULPryjR 

Iridium Monosulphide, IrS, is stated to result, on heating finely 
divided iridium to redness<rn sulphur vapour , 2 but it is doubtful if it 
has ever been obtained as a separate chemical entity. 

Iridium Sesquisulphidc, Ir 2 S 3 , is formed by passing hydrogen 
sulphide into a slightly acid solution of a chloriridite at 100 ' C. 

I! is a black, colloidal substance, soluble in aqua regia, giving an 
iridium chloride, and decomposable at high temperatures, yielding 
metallic iridium. 

Iridium Disulphide, IrS,, has been prepared in a variety of ways, 
chief among which are : 

( 1 ) Healing ammonium chloriridate with sulphur . 3 

( 2 ) Acting on finely divided iridium with an alkali poly,sulphide . 1 

(3) Passing hydrogen sulphide overf lithium chloriridite at. . 1 .- 7 ° ('. 
No action takes place below 0 " (’., whilst above 10 ° ('. the salt is rapidly 
attacked, free sulphur separating. The product is repeatedly extracted 
with absolute alcohol and dried at 110 - 100 ° C. in carbon dioxide . 3 

Iridium disulphide is a brown powder. Moist air has no action on 
it. Heated t<£ :’>•)<) in air, sulphur is expelled, metallic iridium 
remaining behind. Hydrochloric and nitric acids do not affect; it 
although fuming nitric acid and aqua regia effect its decomposition. 
It is reduced to a lower sulphide* at red heat in a current of carbon, 
dioxide. 

Iridium Sesquisulphite, Ir.,(S0 3 ) 3 , may be obtained by exposing a 
suspension qf the hydrated dioxide in water to a current, pf sulphur 
dioxide. The 1 liquid becomes gueenisli in colour, and on standing 
deposits a yellow, crystalline precipitate of iridium sulphite . 3 This 
salt is but slightly soluble in water. Alkalies convert it info the scsqtii- 
oxide, which, upon exposure to air*oxidises to the dioxide, Acids 
liberate sulphur dioxide, converting the, residue into the corresponding 
salt of indium. IVhen ignited, sulphur dioxide is expelled ?and a 
residue of iridium sosquioxufo is obtained. 

A second substance containing sulphur dioxide is described by 
Rirnlmnm as formed as a. black, amorphous, insoluble residue during the 
preparation oUtlie foregoing sesquisulphite. lie regards it as a basic 
.sulphite of tetravalenl iridium, Jr0 2 .S0,. tH 2 0, but .it may equally 
well lie a ljajiie sulphate. 

Iridium sesquisulphite combines’with sulphilvs’ of the alkali metals 
to yield floubk- salts Of these the best known are*: 

Potassium Iridium Sulphite, :lK,S0 a .Ir 2 (S0. t ),.(iH,O, wl.neli may be 
’■’- h o.n 'k K ; ,Ir(S0 3 ), 1 ..‘ULO, to show an analogy with the constitutions 

1 bV<: (Ji'isi'iiln'imer, Com/tl. find., 1890 no, X>i. l 

: Berzelius, t'wjg. Annalen, 1S2S, 13 , 4:1;">; i820, 13 , 208. 

' ViinqnHin, <lnn. Chim. 1814, 89 , 23(1. 

‘ Fctli'n'iiMg, I'wj- Annalen, 1845, Sj, 60. 

I Antony, truzulln, 1893, 23, i, 190. 

* I'lirnbamn, Annalen, 1863< 136 , 177. 
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of the iri di-nitrites and iridi-eyanides desclbed in the sequel, j 'll in salt 
is ol)lainod as a brown, crystalline, insolulve mass on addin" potassium 
carbonate to a solution of iridium sulphite.* ° 

, Closely resembling the fore"oin" salt is the ammonium derivative, 
3(Nir 4 ).S() ; 1 .Ir,(SO,). j .:m,(). The complex elilor-Mii|^jiiles : 

2 lv,SO.,. Irt I .SO.. 3KCI. K ,SO.,. frCI ,*S() 2IUO. 

2K.SO.,. K.SO :! , IrCj.-.'ivCI. 1211,(). and Irll,. •tNTI.Ci.U 2 SO, 

have also been prepared. 

Sodium yields a sulphite, of fornnlla 3Na,SO :) . lr a (S0,),.Nll.,0, 
obtained in a similar manner to tin- ammonium and polassu.m sails. 1 * 
An acid sulphite, 3\a,SO :l . II.SO.,. IrSO.,. Aq.. and a i -ulrd sulphite of 
formula 3\a 2 S() 3 . IrSO ;i . 101I.X), have been described. 3 4 It is dillieult 
to believe, however, that many of the forei'oin" complexes are delinite 
chemical entities. 

Iridium Sesquisulphate, Ir a (S() ,1;,..ell^O. is ohtaini'd by dissolving 
the hydrated sesquioxide in dilute sulphuric acid and allowing it. to 
crystallise in the absence of air.* 

Unless special precautions arc taken, the product, has a violet colour 
due to the presence of ; ridium in a higher slate of oxidation. 1 ty 
effecting the preparation of llTc salt in vurun yellow crystals of scsqiii- 
snlphale arc obtained, which dissolve in water to a bright yclhov 
solution. Uxposmv to air causes I be solid ion to t urn violet immediately, 
particularly if the solution is dilute. 

Iridium .limns, M,S0 4 .lr 2 (S(),) ;! .2UI,/i 

Iridium sulphate, like the sulphates of cobalt, and rhodium, unites 
with the sulphates of the alkali metals to weld a series of well-ddiind 
crystalline salts known as alums. These are isoinorphous with the 
better known alums of aluminium, chromium, mancmicsc, and iron, and 
form an interesting link bclwein these metals and the central vertical 
column in Croup VIII, of which iridium is the lowest. i»i»inbcr. 

Potassium Iridium Alum, K 2 S() 4 .Ir 2 (SO g ) : ,.2 tll 2 <), is obtained'’ by 
mixin" Uic'iTipiisitc quantifiers of solutions of potassium sulphate and 
iridium sesquisulphate in twi/r^and cbnccritral ini; over sulphuric acid. 
After Sbvcrnl days the salt, crystnllisps out from the syrupy solution as 
yellow octalicdra. These hc"in to melt at about !HU an t *!- mph-lrly 
melt at. 102 J to 103° In a hot-air bath they lose all their combine^ 
water, becoming; "reen and then violet in colour, 'flic product.. how¬ 
ever. remains soluble In water, unless the temperatur; of desiccation 
exceeds XMl’ C. At led heat a basic sulphate '* oliinin d *as Well ns 
metallic iridium. 

Ammonium Iridium Alum, iNTU 4 i,S0 4 .lr ;! (S0 4 ) ;) .2UI i! (), preparM 
in a similar nmnn*r«to the pr«;e«lin" salt , 5 erv: utilises fit yellowish red 
octalicdra, which *inelt at 105'" to 10U" ( ., yielding midis.i vioItH. 
liquid. On heating; still fuftlur the combined water is grradually 
excelled,"whilst at red heat metallic iridium is obtained as residue, 

1 Birnbaum, Anwkn, 180. r >, 136 , 177. 

1 Seubert, Her., 1878, 11,1761 ; J. prakt. Chem., 1SI7, 42 , 350. • 

8 Seubert, loc. cit. * 

4 Marino, Zcil*ch. anorej ChrvA, 19o4, 42 , 213. S«; a’ Berzelius, Votjij. Anrmlen, 
1828. 13 , 435; 1829, IS, 208. 

5 Marino, Zrits^h. nm>rg ('ton' 1904 1 213 , 213. 
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Caesium Iridium Alunl, CsJ?0.,.Ir,(S0 4 ). v 2iII s 0, yietfs bright 
vHIiiw* octahedral cry stills, melting at 109 ” to 110 ° C. to a yellowish red 
jjq A iii|. (o, aqueous, sold lion* is yellow, becoming rose-eolofi red un 
Hanning allow to” ('. The erysLils become lyihydrous ul 300 ” |o 
tr>o <. 

Rubidium Iridium* Alum, HkSOrr.fJjO crystallises in 

Kill- w'llou oelaliedi'ii . 1 Jtolli in the solid state and in solution this 
iliun is stable in air. It. melts-at 10S” to 109* U,, yielding a yellowish 
•ed lii|iiiil. 

Thallium Iridhun Alum» TbSO^Ir 2 (SOj) 3 .2IILO, cryst.sillises in 
rohleu-yellow octalicdnt. 1 

• 

Iridium Disulphate, lv(SO.,).,, is obtained as a yellowish brown, 
inini'|>hous mass on oxidising iridium sulphide with concentrated nitric 
icid. :l On gently warming, the reaction lakes place with vigour, and, 
ivhen complete, the nil Wills fumes are expelled by repeated evaporation 
mil re-solution in water. 

II does not appear to yield double sails, and on warming with eon- 
pcntraled sulphuric, acid yields iridium sescpiisiilplialc. 

Complex Iridium Disulphates. Two series of salts known as 
ilisulphares have been prepared, namely* 

(t) Green salts of I lie type M.J Ir(S() ,) 2 .OII. 1I,0|, and 

( 2 ) Reddish brown salts of the type M.,| Ir(SO,).,.(()ll).,|, 
where M stands for n monovalent metal. 

Of these the former salts are usually acidic, whilst llie latter are 
basic. They arj readily converted, the one into the other, by addition 
of acid or base, as occasion requires. Several such salts have been 
prepared .' 1 


IRIDIUM AND SELENIUM 

Iridium Sesquiselenide, lr,Se :l . is obtained as a black precipitate 
by the avtio* ,oi' hydrogen selenitic upon a hot solution oT iridium 
trichloride.'' 

* It. is amorphous, insoluble in nitric, acid even on wanning, but. 
slowly attacked by fuming nitrii* acid i>i sealed tubes at 2f>0 ’ and by 
aqua regia. . • r 

A r<*ig'oiind of selenium and iridium *1 miI of '.indefinite composition, 
is obtained by hcatfhg the t\w> elements together at. red beat in stalled 
tubes. The product is black, and very resistant to acid attack.'’ 


IRIDIUM AND NITROGEN 
. • 

Hydrogen Iridi-nitrite, H 3 Ir(NO.,) c . < is stated bv Gibbs 0 to crystallise 
in yellow prisms which are readily soluble in wal^r. The hydrogen 
may be replaced bypmetals yielding a scries of salts known as iridi- 

1 Marian, lltr.zdtii, l!)02, 32, !i, aft. 

a Marino, Zt <nn>r<j, i I'li'i.. I9i!-I, 42, 21!?. 

* Berzelius, Fwj.^AHnalcn, 182$, 13 , 4S7 ; Rimbach ami Kenton, ZeilicJt. anorg. 

Chon., 1907 * 52 , . * 

* lVlopmc, Comjtf. re»d, t 1909, 148, 557; • 1909, 149, 785; Bull. Sue. chim., 1909, 

£iv], 5, 10SI, 1120. , # 

5 Ohabrie and Rouelumnel, CoiApt, rend.. 1903, 137, 1059. 

* Gibbs, Her., 1871, 4, -80. No method ^preparation is described 
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•ilrih's, general formula M 3 Ir(N0 2 ) ( ; ) aifi analogous to tlnj eobalti- 
litritcs and rhodi-nitritos already considered. 

• • 

Iridi-nitriti’s. M :i Ir(NO 2 ) 0 

Of these the most important salt is : 

Potassium Iridi-nitrite, Jx 3 Iv(\'0,)„, which is conveniently prepared 
>v adding sodium nitrite to a hot acidulated solution of sodium elilor- 
ridile until it ri bleaefted. The solution is boiled to expel nitrous 
J.xides, and potassium eld ride is added in excess, whereupon iridium - 
potassium nitrile is precipitated as a whit* mass. 

It is also formed by adding potassium nitrile to a solnlion of iridium 
sulphate in the warm. 1 It : s a white powder, \v!*ich readily dissolves 
in boiling water, hut which is insoluble in potassium ehK.ride solution. 

At 300 " 1 ‘. it begins to decompose, whilst at 110 decomposition 
is rapid. Healed in vwuu at this latter tempi-ratlire, nitrogen and 
nitric oxide are liberated, a greenish black po.ulrr remaining behind . 2 
This, on treatment wills water, leaves after a time a heavy black powder 
consisting of <>IrO...IU), whirl . 1 it is suggested is probably the salt of 
the hypothetical hrxiridons acid. (I r< )),.( 1,(01 If, or lilrO(OII), all./). 

\\ hen the double nitrile is healed to redness in a’ mulllc. the residue on 
thorough washing has the eo%iposjli<ni I'-’IiO,. Kf>, which T)o'y and 
I.cidie suggest, may he the pota siuiu sail of the hypollietie.il dodie.t- 
iridous acid. (lrO)._,() ll (OH),j or l'.ilrO(< MlIJlIA). It is. very ii.iiibt.- 
ful. however, if we are juslilied in assuming that these «,,• separate 
ehemieal cutities. 

Sodium Iridi-nitrite, Na/rtNO/,-,. 11 A), is r< add prep ■■red by 
adding s 'ilium nil rile to a solution of iridium sulphate in I lie warm It 
is readily soluble in water . 2 

Ammonium Iridi-nitrite, (NIIf)-|li(N< may be prepared by 
addition of sodium nitrite and ammonium sulphate to a warm solution 
of iridium sulphate. It. separate-, out as a white powder similar to the 
potassium salt/ When boiled with water it. evolves- ^litn^geu, and 
heated in the dry stale it, detonates, 

* Iridimiii (ihlni-iiitriti'x 

• » *, * 

Potassium Iridium Chlor-nitrit^s. - Several of these have been 
described . 5 • 

T4*e iliidlrn-iflrni'liloi-iriiliU' sail, K :i Irk'l l .(X( > ,.)*, result, mi trialing 
ammonium eliloriridate suspended in ualei villi nilmem Irioxidiy 
and then adding the .requisite quantity of potassium chloride. 1 * it 
crystallises out as golden yellow crystals, very solujilc ii.'v.iler. When 
boiled with potassium nitrite it. yields the h inifii-li'nlih . derivative, 
K :l lrfl,(N(),i 1 . 

Sodium Iriditttp Chlor-nitrfye, Na.,IrCl c 3Nn .1 r( NUd,,.- This salt 
was obtained by I.gng " by mixing solutions of •'ilium nitrile ai d elilor- 

1 i'onijtl. rial., 19JS2, 134 ,* 1/:N2. 

Viol/ aM Ltklie, Com)-!, rend., ls:b>, 120, lltll. 

1 Her., 1 s71, 4 , 2S<); Lcili ; , Com pi. r»/»■/., ltM* 2 , rj.i, 

4 Iv.m'Ih*, Cvmpt. rrjtd., 11)02, 134 , I.">S2 ; Unit. So’', •him., I*i(» ' [tii j. IfliC. 

*'• Miolutf and Gialdini, Mil 11. t \<:o.id. I.inr.i, 1902, u, jiij, |.,l; Ig-idi*-, C'onpi. 
rend., 100 2, 134 , 15S2; Qmimofiaen, t'unyd, r» nd., 190 .“., :,u, 'Sr', 8 

c Lckli/; (Compt, rend., 1002, 134 , K>82) sim»jlUm**.»u.slv prepared this ;*tlt by the* 
direct action of potassium nitrito on potassium cldotiiklaL * 

7 Lang, J. prakt. Chan., 1802, 86, 295. 
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iridalc. .It is formed as a Hiite precipitate but very slightly soluble 
in cold* waf er. 

.Iridium Chlor.ni trite!; of• Barium, 1 ' 2 lla :i (Ii('l 6 ) 2 .:!l!a. J Ir 2 ( , NO,) li ; 
Caesium, 1 Cs : ,(.\() 2 ) 2 . Irt'l., ; Lead, 1 l > b a (N T Oj) 4 .2lr(.l 4 .2l , b(OII) J ; Mer¬ 
cury, Hg^NOJ^SlrC^; and Silver, 3 Ag 3 (N0 2 ) 2 .IrCl 4 , have also bed!) 
described. 


IRIDIUM AND PHOSPHORUS 

Iridium Phosphide, IrP 2 , results on heating iridium with phos¬ 
phorus. 1 as a brilliant and hard mass, insoluble in acids. 

Numerous pliosplip-olilorides, phospho bromides, and other complex 
derivatives of iridium have been prepared by Geiscnheiiner. 6 


I INDIUM AND CARBON 

Iridium and carbon do not appear to unite to form a definite carbide, 
dtliougb when the two elements arc heated together in the electric 
urnaee iridium absorbs a certain amount of carbon which, on solidilicu- 
,ion, is given up again as graphite. 6 

Iridium Cyanide, Ir(CN) :l , is believed to result when acids are 
illowed to act upon hydrogen iridicyanide. 7 

Hydrogen Iridicyanide, lI 3 Ir(CN) 6 , is conveniently pre[)ared 7 hv 
renting its barium sail with the requisite quantity of dilute sulphuric 
icid. On shaking with ether a while crystalline deposit of hydrogen 
ridieynnide is obtained. 

The crystals resemble those of their cobalt analogue, II 3 ('o(l'.N) 8 , in 
bat they arc very soluble ip water and exhibit, a strongly acid reaction, 
cadily decomposing carbonates. They combine with bases to form 
vell-dolmed salts. Conductivity measurements of the potassium and 
lariuin salts show that they are not simply double cyanides, but salts 
if hydrogfn iivdjeyanidc. 8 

Potassium Iridicyanide, K 3 Ir(CN),.. 

" Pure iridium, when heated in a lincljj divided condition to a dull 
[low with potassium cyanide, yields a double cyanide. 

The yield, however, is poor. A better method is to heat aimffbniiim 
hloriridslv with a slight excess of potassium cyanide for ten to fifteen 
ninutes.” Kxtrnctidh of thevnelt with boiling water and subsequent 
Aaporation yields crystals of the potassium iridicyanide, tire other 
onstitueuts, namely, potassium chloride and 'cyanide, being more 
oluble au'l renuvniilj; in solution. 

Potassium iridicyanide yields 8 hexagonal crystals (a : c — 1:1-3319) 
finch are colourless, transparent,* and stable in air. The crystals 

1 Lang,./. prakt. I‘hem., 1802, 86 , 205. 

a Gibbs, prukl. Chew., 1801, 84 , 05; 1805, 94 , 10; 1804, £ 1 , 171. 

a Mii’lati ami Gialdini,tfi//i R. Acead. Lined, 1002, II, fii], 151; Iridic, Com pi rend, 
002, 134, 1582; Quomwascn, Com pi. tern/., 1005, 141, 258. • 

1 Clarke ami Joslin. .-tmrr. Chon, J., 1883, 5i 231. See also Holland, Chan. Zeit., 
882, p. 334, and Mutt^tey, ( hem. S'eies, 1885, 51, 71. • 

* (leisenh^imer, Com/4, rend., 1800, no, 1004, ,1336; 1800, III, 40. 

* Moissan, Compt. rend., 1800, 123, 10. • 

7 Martins, Ueber die Cpa nverbind ungen der PUMinmoialU, Dissertation,Gottingen, 1800. 

8 Him bach and Korten, 9 Zeitschfanorg. Chan., 1007, 52, 400. 

9 Claus, BcitrAgZ zur Chunk dcr i’lati huh talk, 1854, p. 05. 
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dissolve iij, water easily, but only wilii flinieully in alcohol. The 
solution yields precipitates of various colours with salts of t/’ heavy 
metals. "With fern us sails a while precipitate obtained , with 
ferric,, a bright yellow. Acetic aeiil is wit ho I ael ion on polassii/hl 
iriflieyanidc, although*!! decomposes the eorre: potuling rhodievnnide. 
This affords, therefore, a useful method of sepiyatulfr rhodium from 
iridium. * 

Barium Iridicyanidf, l!a :l (lrC , fl N T , J ) ; ,. I Si I/), was obtained by 
Martins 1 as the result ol ,reating tne copper salt with excess of barium 
hydroxide solution. The excess of barimp is removed by pas*age of 
carbon dioxide through the liipiid, and upon -.low c\eporal i>n the sail 
separates out in large trinyirie crystals. Kxp'seu dry air the 
crystals ellloresee, still, however, containing six molecules of water, 
which are completely expelled at 100 ' 

Silver Iridicyanide, Ag ;i Ir(t'N), ; , has also been obtained * as a while, 
floeeulcnt precipitate on adding silver nitrate to a solution ol the 
potassium salt. 

Detection and Estima‘ion of Iridium —See Chapter X. 

% 

1 M u tins, I'fhfrtlk ('wnirctltimlutujf ri >hr I'l'ihtwnt'iHr, ;t. ?‘ tit>. 

- Kiiul.ach an«i Ivortcu, Zcit<> //. ouorj. ( linn., K>07, 5 2 t 
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PLATINUM AND ITS COMPOUNDS 

, L'LATINUM 

Symbol, IM. Atomic weight, 11)5-2 (()-.-.= l(j) 

r . t 

Occurrence and History, l’hit.inum occurs in nature, sometimes in a 
fairly pure slate, but. more usually alloyed with allied elements, in the 
so-called iihilinuin ores. II is generally found as grains or scales, but 
occasionally, as irregular lumps or nuggets ranging in weight from 
anything up to 20 lb. Native crystals are rare, cubes being the most 
frequent form. The hardness of native platinum ranges from t to t-5, 
and density from I I to lit. 

Two varieties of native platinum are known, namely: 

(1) Non-magnetie. This is the more usual form, and has the 
greater density, namely, 10-a to i,S. 

(2) Magnetic. Density circa 1 I. The magnetic property appears 
to bear some relation to the percentage of iron contained in the alloy, 
but strict proportionality in no way exists. 1 Some specimens of native 
platinum from dlie Dials, indeed, arc said to attract iron tilings even 
more powerfully than an ordinary magnet. 

Platinum was probably lirst, discovered in the alluvial deposits of 
the Itiver Pinto in the "provinei* of Choco, Columbia (S. America). 
It was lirst. brought to Kurope in 17:1a, and received its name from the 
Spanish jihihi, silver, in consequence of its white appearance. 

Natiye platinum has also been found in Brazil along with gold in 
syenite 3 : in diluvial material amongst the Urals 3 ; in sand from the 
Ivalo Itiver, N. Lapland, associated with the diamond; as well as 
in Borneo; in the sands of the lthine ;• in County Wicklow, Ireland: 
in New Zealand, 1 New South Wales, California, British Columbia and 
the Yukon Itiver, and In Spain. 5 * , 

Thi^TfihVing of platinum in British Columbia dates from INSo. > Much 
„of the ore is coarse and has'ihe rough, unworn appearance of nuggets 
that have not. travelled fur from their original source/’ The nuggets 
are rarely large, and seldom exceed half an ounce (M grams) in weight. 
Most of*i'he naval occurs in small grains which can be separated into 
jnaguetie and non-magnet ie*; the ljittcr forming the greater proportion 
of the total. , 

1 See Nusnun mat IlnstoLtcr, Wanhinylon Aon!. Fin, |015. 5 , 293; Daubrce, 
Com;*/, rni k , 1 ST,\ 80, "V'S. ^ 

“ Ibujssingault, Ann. Chilli. 1820, 32 ,' 2 ei. ty‘u also liussak, Chin. Xmtr., 

l<«tt, ii. 107. ' * •' 

3 A’l'ily.-r-of plaliiiiferousehromile from the Urals are given by Cortian amt tie Uubies, 
A mil. Fin. Quinn, Ibi'a, 13, 1 ,V>. 


4 t'al.jili' i in,, n. Tfttiin. y.Z. hint., 11110. .( 3 , US. 

s for a summary of I be records o( tbe oeebrreiiee of platinum in is'pain see de lluiues. 
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The largest nugget of platinum ever yet found weighed 21 fit* troy, 
or ?s;!T grams. and was deposited in (In' Dcmidoff Mnseiini at Pelrograd. 

-Native platinum frequently contains ,rae<s o'mekel, as evidmcM 
l>.'\tlu* speetroeheinienj examination of specimens from llussia. Spain, 
and America. A sample Ironi Kitlim, 1 lbr^cxamyle maintained 01 per 
cent. ol nickel or more.’ rflnly one previom analvsis of platinima 
appears to have heen recorded, containing nickel, uameh, a magnetic 
platinum from Xi/lmc-' 1 ’ -gil.sk. in which lla.i per cent, of nick" I was 
present. Platinum ores rich in iron yield the most intense nickel 
spectrum. * 

In the following table 3 are given the mean aoalv-.es of native 
platinum obtained from various mines in the Urals* 
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The table on pane 2 nS gives analvscs of native platinum found in 
various other parts of' the world, and, bom iHlie reader will obtain a 
f, ir idea of the valuations in composition u tally eneoimlered. 

Platinum is found in combination with arsenic as the rare mineral 
Hfurriilile. Pi As,, at Vermillion Mine in Ontario. Canada It. was first 
discovered by Sperrv (whence its name) in 1887 along witIT copper and 
iron pyrites in eonlaet with cold ore. It crystallises m cubes or. less 
frequently, in oetahedra; hardness, (i 7 : specific gravity. lOilOg at 
20 U. It is tin-white in colour, possessed of llietallie lustre, and 
eontains»fraces of rhodium and antiiiio.,y.'' 

Spi rylite occurs in small quantities in the niekij ores id' -wU.eiry. 
Ontario (see p. 82). the actual pcreeiilag<*of platinum being die. oily 
proportional to the copper content of the ore, that is, p-opoi t ional to 
the amount of copper pvtitos.-’ ft occurs in small e'-yslallue fragments 
disseminated throughout the mass of I he ore.*’ ’ 

Plaliimm has also been detected in m dearie iron . 7 

Preparation. Several methods have heen tried for the separation 
of platinum from its aUoys. 15y a •series of washing processes the sand 
and gravel are remo.cd from the ore, and if any gold is pjesen! it linds 

1 Russia. , 

2 D* Uu'iifS, Arch. Set. /;//»/*. n/it., ITMO, JivJ. 41 , 475. v 

3 Kuifnrm. Arch. wit., 1D15, [ivj, 4°i --i ^- Chun. Sor ., ltl|.», 108 , 

* f{. I,. \\VJis. .1 Sri., jiiij, 37 , 1*7 : IVn!i<-M. {>. 7 ■. Sf«* Walker, 

Zuttch. Krgvt. Min.. ISM, 25 , 501 : At,or. ./. Sri., 1 s‘Mi. {ivj. I, 110; WVU.-a i* IVufiuM, 
ihhl., 1 »L*, (ivj. 13 , 05; Dickson, ihi,!., |iv!, 15 , 157. 

'• T. li. Walker. Artur. J. Sri., ji\ ], 1 , 1 D>. 

H Dick sun, it, itf., 1fiv), 15 , 157. 

7 Davison, Arner. J. -ci., 1VJO, [ivj* 7 , 
vol.*ix : i 
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PLATINUM AKD'I.JS COMPOUNDS 

its way into the concentrate along with ihe crude plat inline to be 
subsequentIv removed. In Hiis-ia the gold is abstracted bv Repeated 
amalgamation with mercury. and the erode pb man., without 1'mllu‘r 
treatment, is mostly exported. 

lirfiniiiff ('rude /’/n/iwwi. 1 The crude platinum digested with 
lupin regia (one part. UNO.. >! U.V to HIP ltcaunre. and liner parts IK*I 
at •20' It.) wheieby the platinum and several allied elements are com¬ 
pletely dissolved,' leavim a residue of nsmiridium and sand, together 
with a little graphite. ’1 lie solution is diluted, filtered, and e\ operated 
to a syrup. Hydrochloric arid is added to decompose nit in,., com¬ 
pounds, the whole taken to dryness and he ated lo I in C. In expel the 
nitric acid and to simultanei usly convert the pal! ulii.m to palladous 
chloride. The platinum is now precipitated as auimoniiuu elilor- 
platinate by addition of ammonium chloride. This is separated, 
washed, and finally healed to redness in a inutile, whereby .vy «<»<<// 
l>hilinum is obtained, the ammonium chlorine and chlorine being 
expelled. 

(XHjk.I’tCI,, l»t -j ‘2 Nil.,Cl -j- Cl.. 

The spongy metal is i nv made into a paste with water, co u iressed 
into a mould, and either forge 1 into a homogeneous bar by healing 
and hammering, or incit'd in an oxylivdrogcn furnace eousinuied 
of lime. . 

As obtained in Ibis way the platinum usually contains some •* > ■■ 
cent, of iridium, precipitated along with the ammoniun chlor-platii ale 
as the corn spouding iridium salt. A second refilling sil’ves to ruuou: 
this iridium, a fairly pure platinum resulting. 

The solution from which the ammonium ehlor-plalmate has bcci. 
separated still contains a little plat inn u with piaetieally all I he rhodium, 
ruthenium, and palladium. All are precipitated by metallic iron and 
dissolved in aqua regia. Addition of more ammonium chloride effects 
the precipitation of the remaining platinum, and the iutrntc.mav be 
worked for the other metals (see p. lo t). 

At Ilanau the method adopted is similar to the foregoing.- The 
crude Itiissian platinum is treated with a mixture of aqua regia (one 
part) ainj water (two parts) in * glass retort under a pressure of i‘2 
inches of water. 3 'The resulting solution is evaporated to dr\ ; ~ and 
heated to 1‘2.V C., whereby the palladium is eon vert «d lo the piffle.dous 
condition. The product is extracted witTi water, and aeidilieo with# 
hydroeblorie acid. On addition of ammonium chloride . precipitate of 
ammonium chlor-plutinc *e is obtained, contaminal d wit It '■••me aiinno- 
nium ehlor-iridate. On concent rat ion of the mother-liquor it further 
small amount of ammonium ohk>r-iri*late separates out. The liquiil is, 
now treated with scrap-iron, which precipitates ell the oj her platinum 
metals, together with afly platinum hud iridium not hitherto pr< "ipii ated. 
The deposit is wasiied free fropi undissohed iron by tneatntenl with 
hydrqghloric acid, and iti turn dissolved in aqua regia. Froi i this 

1 For further dctailny?ce Gowland, The McfuUaryy of fht Non jrnnn ihtnU (C.'hoa. 
Clrirtin and C<», I918).» # • • 

* According to Philipp. Sec Koscoo and Selim leimnei, .1 V rrntisf i/n+Cheinidt y t 
vol. ii (Longmans, 1007). # + 

3 Jteville and Dcbray (Ann. Chi in, /7n/n, 181 't], (iiij, 6 l, and lii-.ra* us f’AtiUrh. 
anal. Chem 1892, 31 , 310} have recommended operating in a clown! fia*k under a 
slightly gfotter preb*ur< than atmospheiic.• 
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.soliil yni j>1 ;iIi 1111111 and iridium are thrown out as aminoi^um ehlor- 
|)l,i!iiuitA and elilor-iridale respectively, by addition of ammonium 
chloride, The mblher-hquor‘contains ruthenium, rhodium, palladium, 
(ismiiim, and some y-idium. The ammonium chlpr-p’.atinate, mixed witli 
small ifiiantilof ehlor-iridnle, is ignited, and the spongy metal tllus 
,ohlaineil treated in the manner described.above. 

Another method consists in fusing finely powdered crude platinum 
with two or three times its weight of zinc 1 . Tin brittle alloy thus 
formed is powdered and treated with dilute sulphuric acid, whereby 
zinc is removed 1 The residue is heated to redness, and part of the 
base metals removed with dilute hydrochloric acid, and any gold 
dissolved out by fu.’lher treatment with cold aqua regia. 

The residue is heated in retorts with aqua regia, whereby most of 
the platinum passes into solution, together with some rhodium, osmium, 
palladium, and a little iridium, whilst the undissolved portion consists 
of osiuiridium. ruthenium, and a little platinum. The solution is 
distilled, the osmium passing off as the volatile tetroxide, and (lie 
mol her liquor then neutralised with sodium carbonate. Addition of 
mercuric cyanide throws out the palladium as cyanide. Ammonium 
ehloridipadded to the filtrate effects the precipitation of ammonium 
ehlor-platinate and elilor-iridale. Igiition of these salts yields the 
spongy metal, which may be worked up as already indicated into the 
compact form. 

It desired, tIn* two ammonium salts may be separated prior to 
ignition, so that, the pure metals may ultimately he isolated. This 
may he done conveniently by either of the following methods : 

(t) The salts are warmed gently with a solution of potassium 
cyanide, 'file ammonium elilor-iridale is reduced to chlor-iridilc, 
which passes into solution, lca\ ing the ehlor-platinate as an insoluble* 
residue.- 

(g) The salts are suspended in water and sulphur dioxide passed 
through/- The chlnr-iridate is reduced to chlor-iridilc and passes into 
boliuinu. leaving the insoluble ehlor-platinate as residue.' 1 
* Ignition of the purified ammonium ehlor-platinate yields a propor¬ 
tionately pure product of metallic pinlilium. The solution containing 
ammonium chlor-iridilc may be evapoialed to dryness and the residue 
ignited to yield metallic indium. 

Dcrillc anil Dtl mil's Milhml:' This method consists in melting the 
crude platinum, from which the gold has been removed, with excess of 
lead. On cooling, the mass is treated first with nitric acid, and then 
with aqua regia, whereby lead, platinum, and some rhodium pass into 
solution; iron, ruthenium, and rhodium remaining behind as a crystalline 
•alloy. Front the solution ammonium ehlor-platinate is precipitated, 
and from it metallic platinum is prepared as described above. 

This method is not now used. 

A second method described by these authors consists in repeated 
melting of the crude platinum-in a lime crucible, whereby volatile and 
oxidisable impurities are removed, the latter being absorbed by the 

1 tV.Hot tils. illnrt's Aiunikn , 1807. 27 , 231 ; llf*s, J. prakt. Chan 1847, 40 , 498. 

4 Muoklo nntl Wohlor. Amntkn, 1837, 104 , 308. 

a Walts, Dkliunnnj., 181*4, iii. 40. 

1 IVvillc an«* Do bray, Coin pi. raid., 187 5, 8 l, 803; Ann.Chim. Fhys., 1830, 56,385; 
1801, 61 , 5. 
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lime. The result ini; metal still contains rhb'elium ami iridium. Iftijye ver, 
if the'se nv-tals were oripinallv present. f 

Platinum from Nickel Matte. IMalinum* occurs in traees in the 
nickel ores of Sudbury (see p. S'_>). and is to me - extent recovered 
trmn these in eominereiul practice bv more or li ss ere! processes, 
lhirinp the liseal year endiup Mareh .‘>1. I!»I<!, die Canadian Copper 
Company produced 10.) tons of niekel matti, the a\e-rape 1 sample ol 
which contains : 

Platinum .... 010 <>/.. (troy) per Ion 

Palladium . . . . * O la 

Accnrdin*; to these figures, the ail. 10a tons ol’muC ■ • iluincd : 

Platinum . ail 10-a ■>/.. (t my) 

Palladium .... Mill 

The actual amount of these precious metals rc< o\ ered durinp the 
year amounted to : 

Palladium i platinum ...... loot! oz. (I my) 

Ollier platinum metals, mainly rhodium and iridium . -~>7 

It will thus lie seen that lliei'e is eonsiderahle opporl unity Of addin'; 
to the commercial .supplies of the plaluuim metals from Has soi ree. 

Preparation of Pure Platinum. •.men ial plalinuni usually e m- 

tains some per cent, of iridium, and for many purpos* I his is no 
elisaelvantape as the allov is very durable and resistant to acid att.r i , 

To obtain tile pure metal several different processes may be adopled, 
all of which are eompljeah d and require very careful handling if the- 
Iasi traces of rhodium, iridium, ruthenium, and iron are In he n moved. 

Mall/tcif.s Mtlhuil. Mat I hey 1 le'-oniineT Is the following treatment, 
for the commercial metal wherein it may lx obtained in an exceptionally 
hip'll stale of purity. The platinum is inched with mx times its weight 
of [Hire hjid and. a ft er pramilal ion. treated with a mix'.i.'e of nitric acid 
(I part) and water (s parts). When no more aelim, <•. “ipparenl. the 
{'renter part of the lead will have dissolved out. topelhe-r with a portion 
of anv coppe., iron. palladium«or rhodium that may have been present. 
The insoluble residue is in the Imftii of aft amorphous, black powder, and 
consist'**csscnliully of philiinup. with lead, iridium, and small propor¬ 
tions of the other metals nrbjbiiidly present. # a c 

I )i pest ion with dilut e aqua IS via effect 9 the solution of I lie ptc! iniin^ 
and lead, leaeinp a residue of impure iriduun. 'flic solution is tillered, 
evaporated, and the Rad eomerted into sulphate oy addilion of 
sulphuric acid in requisite quantity. The platinie ehlu.ith is extracted 
w ith water, and ammonium e-hloi-;dal inal e precipitated in lla- usuaj 
way with excess of ammonium ehloride eonlaininp srxlium chloride. 
The whole is heated io SO ('. and allowed te. .land lor .sevei days, , 
meist of the rhodium remaining in solution and impartiqp to«ihe-. liepiiel 
a rose-colejurcel hue'. • . 

Tlic precipitated ammonium chlor-plalmatc is repcate-elly umthcd 
with a saturated seJutiem of ammonium chloride-, and .jihseepie ully with 
dilute hydiftieliloric acid.* It still*contains small epiantitie:s of.rhodiuni, 
however, as ainmoniuiii chlor-rheiflate. The salt is mixed with potas¬ 
sium hydrope'ii sulphate tei* which a sni.JI qn.aitity of ammonium 

1 M ittlir-v. Prorm limt. S‘*n\. IS7(*. 2 H. -Hjli. • 
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liydrqgfn s 1111 )1 1 : 11 r has been added, and gradually heated tiredness in 
;t |)l;iliiiF.m dish. The nninnmiilin chlor-platinate is thereby reduced 
In |iltti 1111111 s|iuii5r,.\vliifsl Iht' rhodium remains in a soluble slate a« a 
double sulphate wil,h potassium. 

The product' is digested with 
Residue o|' |>):il inuiil Jponge in a I 

In addition to the rhodium sulphate the water will have extracted 
a small quantity of platinum in the form of sifiphatf. * 

Upon evaporation the solution to dryness and healing to redness 
the platinum sulphate is reduced to the metallic condition, the rhodium 
salt being unaffected. Digestion with water leaves a residue of pure 
platinum which may be added to the previous residue. 

The metal thus prepared is very pure, and may, if desired, be 
worked into the coin pact, form by the methods already detailed. 

Physical Properties. Platinum is a silver-white metal, capable of 
taking a high polish. 'It is slightly harder than silver, however, and 
does not. tarnish. It is both malleable and ductile, admitting of being 
beaten out into thin foil and drawn into line wire. Addition of a small 
quantity of iridium increases the hardness of the metal, but decreases 
its duel git v. 

Platinum is hardened by mechanical treatment, but is softened 
again on maintaining at bright red heat for several minutes. 

The density of native platinum varies from I t to 1!>. the variation 
being mainly due to impurities such as iron which may range from 
5 to Hi per cent., and to smaller quantities of copper, iridium, osmium, 
rhodiuin, and palladium. 

The density of pure platinum varies according to its physical 
condition, as is evident from the accompanying data which give the 
density calculated for a vacuum at. T’ C. 1 : 

(1) Annealed pure platinum wire . . . 21-U03 

Same wire, cold drawn, not annealed . . 21'1330 

(2) 'AmVej led pure platinum wire . . . 211312 

Same wire t wisted, not annealed . . 21-3!)Sa 

The mean eoellieivnl of linear expansion of platinum with rise of 
temperature between 0" and 1000 ('. is’-: 

„ x (>'0000105/. 

For temperatures ranging'from O' to 100° C. : 

x O'OOOOOSttf. 

I 

These rallies are not far removed from those observed for different 
kinds of glass.' Thus, for temperatures round and about 20° C. the 
following values have been obtained 3 : 

« ■ x 

Soft glass . . . . ‘ 0-0000085 

Hard-glass <;. 0-0000007 

Flint glass . . - . . . ‘ . 0 0000078 

For this reason platinum wire is used in the construe!ion of electrical 
and other apparatus in which it is necessary to pass wire through glass 

1 Kiililliaum unit Sturm, Zol-r/i. unoiy. Cl, pin., 1005, 46 , 217. 

3 t.e Cluiti'lirr. Cowpk , 1 SsO, 108 , lOtHi.' .Sic Fl/.eiu. ibid., 1SC9, 08, 1125; 
Calvert, .Intmsim.mml Lour. Vhati. Xtir.t, 1801, 3 , 357. 

* See Kaye uiuldsiliy, I’hyskul (fnd Chtmkal ('vnslimls (Longmans, 1011). 


water at. the boiling-point. leaving a 
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and leave ^ perfectly air-tight and hcmictktdly scaled joint. V.leelric- 
light hillin' are an iinjiovtant. example of this. 

Tlie specific heal of platinum between O’ .•ml ini' ' C. lee, the ine^m 
value of <J0:J2.‘I. 

The heat liberated in one gram of [ilatimmi m cool in:: from / to 
is yiyell try the expression: 

Quantity of heat 0-0:$l5!M) (I 1 „) | 00,«lH/ ! - ; 

and the specific heat at : ,y tempeiature / is given by : 

Specific heat, ^ O OttlaOO f <M> ; ,5N His/.' 

ll will be observed that the speeilie heal of the.in !■ I .is. s with the 
temperature, and experiment shows that this is the ease also at \erv 
hiu'h temperatures such as those of tile incandescent metal.- although 
theory would require its constancy under these latter eoitdilions. 

The meltiny-point of platinum has been variously given. the most 
recent results being ITa.'t and 1755 ' l'. 4 I'o.- other data the reader 
is refe rred to the references given below.'' The lowest temporal lire at. 
which the volatilisation of platinum can lie detected in a complete 
vacuum is given by Knoeke' 1 as 510 (’. 

The most intense lines in lie are and spark spectra of platinum are 
as follow 7 : 

Are: UOalHiO. 2? 02-50, 2705!W. tit 10-12, 2 s:S 0 -|n. 2D20-00, 
•iftos-o*. noi‘j-75. :.«mt-.s2, ;iios-27. 1112 - 75 , 1 i!>.vn;i, .i ; » 2 l-t<>. 

Spark: 2t21!>0. 2l>5!r5:5, 2>J'.)S-0.S, tl0(itS2, : 2.TI5, Ills...!, 
HOSOO, 1552 00. 

Volatilisation of Platinum.--When plalimmi apparatus is heated to 
very high temperatures if frequently under oes a marked alteration m 
weight. becoming light«r. K This is generally attrihuled to volatilisation 
of the metal, and several useful inv. sl igalions have recently heiu 
carried itfit. with the object of determining how tin a may best be 
avoided. 

1 .Mug mis, t)!». /'/. |/ S <7r, llll 1 ), |iv ! , 48 , !ls:j. < It tier i-x pi - i< ni-. Im-e luvn u i\Cn, 
ll;un.-lv : * 

8[..vitif ln-al a irinis j .royii; 

(Whit.', *Am,r.Sri., lOo'J, [ivj, 28 ,•TH); 

* Specific In at between 0' ami 300' 0OJJ0I50 -j 0 vl^2!B2/ ■( # >0 ; ;$|/ 

(Sehl. tt, .In/?. /7o/o7.\ I?'f»s, (ivj. 26 , 201). Tin* lata piven I• y K.-jitault, I f t airtj 
IVtit, Vit.Ui>, etc., arc m*w oj historical ii»t<*n <t only. 

- Vnl.aro, A 'uont HlJ5, J\ij, 9 , i f 123. 

3 Waitinci* .uni Buries?. Hunan <>] Sinn hird*, Washington. Iit*'. 

* |):IV, Torn*, Panuhvj Sir., Hill, 7 , 130. Fcry and ( h.in-v* in n ml ., IVO*), 

148 , 401) suu'icst that tin* melting-point of £he metal, like. that «>f silver, is inllucmr.' ! fcv 
the nature of the a* T i. .sphere in which fusion takes p|-i<.^ hut W«idmr ami Buttes* 
(ibil.. )>. H77) »lu uo' # acccpt Ihe cxpbif.it ion. 

5 Intraday and S to./art, Ainu ('him. I >22. [ii). 21 , 02 : Auh.j, fK > *■> r - /’o/v 

lS“>2, 165, 278; Violet tc, .d*«. ('him. Vhj/n., 18^5, ji\j, 28 , lO'l; \ *<n ml., 
1s7,T85^ 1*3; 1870, 89 , 702; Holborn and Wien, Ji 'ini. A ninth rt, '>05, {>H r Jy 300; 
Holman, l^awrence and Harr, Phil. May., HDO, 42 , 37; Harkm, Pur. J,‘ot/ 4 Soi* 11105 
A, 76, 235. 9 . * # • 

« Knoeke, for.. 1000, 42 ,'*200. Hut see p. 204. % 

7 Exner and Hasohck, Die Spilt ren Her JClunenU: bei normnian Dr nek (f d-ipvig ant 
Wien. 1011). • * . 

* for earlier reports on this subject, fro. Wittsteiif, lnwiU-r'* lWTi. 179 , 200 

Stolba, ibid., 1S70, 198 , 177; Klsner, ./ % prakt. ('him., IS00, .ij, <jp, 257 ; de K minek. 
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All limi^li it is genera assumed that the loss in weight of pure 
j*1;11 i11utn>.->n healing is due to direct volatilisation of the metal,Roberts 1 
pnjnls out that 11 (is is infjirolwble since platinum dues not vnlfltili.se >n 
nilmgcn. hydrogen, or in vacuo, lie determined the lowest tempera- 
lures al which platinum volatilises in oxygen by ah exceedingly sensitive 
inelhod, namely, by Gulden expansion of gas saturated with moisture, 
A Inch when any volatilisation has taken place results in the formation 
of a cloud or mist, because the disintegrated pa»tiel< sieonslilute conden¬ 
sation nuclei. If was found that platinum begins to disintegrate at 
500" t\, the extent of volatilisation being roughly proportional to the 
oxygen pressure. Roberts therefore concludes that the phenomenon is 
due to the formatiog of platinum dioxide, Pt0 2 , which is endothermic 
and which dissociates at. lower temperatures. 

Crookes - had in 1011 already studied the relative volatilities of the 
.metals of the platinum group at temperatures ranging from 000'’ C, 
upwards. The metals were heated iu still air in an lleraus furnace, 
the order of volatilisation proving to lie as follows : Ru, Ir, I’d, L’l, and 
Ith. the last, named being the least volatile. 

Rurgesx and Sale ;l show that, the presence of iridium in the platinum 
of crucibles, although added for its stiffening qualities, renders the 
latter subject to proportionately great cv r losses of weight on heating to 
temperatures above 000 C. Relow this temperature, and up to - a 
content of at least ,'S per cent, of iridium, the loss on heating is negligible. 1 
Ilelow 000 ('. also the presence of rhodium and silicon has a negligible 
effect. The presence of iron appears to lower the heal losses by amounts 
depending on tire quantity of that metal present. Relow 000' C. there 
may even be a slight gain in weight on heating platinum owing to the 
iron content diffusing to the surface and oxidising. This is a decided 
disadvantage, however, od .recount of the solubility of the iron oxide 
in acids. 

Rhodium, like iridium, stiffens platinum; but unlike iridium it 
reduces the volatilisation of platinum at all temperatures abov,- 000' ('. 
It is. suggest eft. 'therefore, that a useful alloy for best, quality crucibles 
“.would be platinum containing ti to 5 per cent, of rhodium, practically 
free front iron and iridium, and containing no other delectable im¬ 
purities."' 1 ' ' t 

Diffusion of Gases through Platinum. Hydrogen diffuses through 
heated f laTm.im, but less rapidly than Graham's experiments \yould 
yiggest. Methane, 11 despite its low density, does not diffuse through 
heated platinum, neither do oxygen, B nitrogen, 11 argon," and helium. 7 
The diffusion of hydrogen through platinum has been studied by many 
investigators, notably by Winkelmnnn, 8 who shows llml its rale 

ffiihch. l mal. (Viral., 1871), 18 , ",(>!); It. Knyxrr, IfiVrf. Avrnhii, 1SSS. 34 , i;t (7 ; R. IV. 
Hull, ./. ,-lwcr. Chen. Soc. % iOOO, 22 , 404 ; (ioldstein, Jbr., 1004, 37 , 4147. 

> 1 J. 11. T. Roberts, Phil. Mmj., 1013,25, -*0. Kau* nmi )\\ven [Vroc. Roy. Roc., 

1013. Aj 89 , ftS) 1200 ,C. lor the metal heated : n ail; Hulctt and Berger (./, Aimr. 
Chcm. Roc., 1004, 26 , 1*>1U) give 800’ C. 

* Crookes, Proc. Hot/. Roc., 1011-12, a, S 6 , 401. * * 

u Burgess and Sate, liunau of Rtambml*, Washington, N<\ 254, 1015. Sec also 
^ Inri. Knj. Chcm., It'l l, 6 , 152; 1015. 7 , 501, . 

4 Burgess and Waite 11 berg, Hu rout of Simulant ■, Washington, Xo. 2S0, 1010. 

•’ Burgess and Sale, opn* cit., p. 311. 

* Randall, Janr. (.hem, IS07. 19 , 0S2. 

7 Ramsay and Travers, Chcm. Sew*, 1807, 75 , 253. 

* Winkolmann, .4 «vh. Phy*U\ 1002, [ivj, 8 , 388. 
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increases %ficr the platinum has been heated for some time, irt conse¬ 
quence of fche crystalline strnetjire assumed by (In- metal. Tln/diMusion 
of.hydrogen through platinum at red heat is*ia >1 ^liiecllv proporliounl 
to tin pressure of the gas. Probably this is do io the dilhision being 
accompanied l>v dissociation ot the hydrogen molei^iles, I lie atoms, 
only, of the hydrogen passing through the metal (see p. 177). ^ 

Solubility of Gases in Platinum. The -1 d.ibilit \ ot by drug. n in 
platininu has bcvn»sMidi*d by Sieveds . 1 2 3 who lias shown that the gas is 
less soluble in eompaet j atinum than in the same weight of iron or 
nickel. At constant pressure the solubility rises with the temperature, 
whilst at constant, temperature the aiiiomd of hydrogen absorbed is 
directly proportional to the.square root of the pivss.:o . On cooling, 
all the hydrogen absorbed at higher temperatures by the metal is 
evolved. 

Platinum does not, absorb carbon dioxide or sulphur dioxide. 
Platinum which has been heated to a high temperature in a current, 
of hydrogen is usually found to have undergone a slight permanent 
change, its melting-point being depressed and its ductility reduced. 
This, however, appears to be due to the absorption of small quantities 
of carbon from traces of organic impurity in the hydrogen, and not to 
the inlluencc of the pure ltydn*en itself.- 

Chemical Properties. Platinum is one of the most permae nl ol 
metals, remaining untarnished in air at high and low temperatures, 
even in the pr< senee of moisture. It is attacked both h\ lluoriue and 
by chlorine when heated in these gases; in lluoriue a 1 ««> to liOO > ., 
yielding the tetralluoride. and if in the form of spongA in elilmme at. 
about :;.70 (’., yielding the diehlorided 1 

\\ ben heated in a current of chlorine al about lion (. platinum 
npparenllv volatilises, condensing 0*1 i loler’parls of the apparatus in 
crystalline form. This is attributable to he formation of a volatile 

chloride . 1 , 

When, heated in dry oxygen, either m the lorm o ihm Jml or as 
sponge, it becomes superficially black, ned in eotisequeift e ol oxidation 
to the monoxide, Pit). This compound, however, d< composes al 

higher temperatures. * . . 

Platinum is very slowlv at racked ">y hot rone. id ralen sulplmnc 
add. partienlarlv at about’ giO to L'.XO ( ITut the ini roihe t mu of 
sulpiyu- dioxide"into the liquid, by addition ,.f a .piece f?i*siif[iliiir or 
carbon, completely prevents the soiulion of the na tal. Carbon 1 -.xmIi* 
and nitrogen are’ without inllueiiee. Ian arsenmus and ant inn nioiis 
1,sides exert a marked protective effect upon I lie myjal. *•' ' ; M T;n 'led 
tlial in ttie ease of the pure acid, dissociation of sulphur iriftxide into 
dioxide and oxygen takes place, the Just • .allied attacking the platinuny 
The sulphur dioxid-% when addi d from an external synree, owes its 
protective inllueiiee tf> the fact tlfat it represses Hit dissociation, whilst 
the arscniims and antimonious.oxidcs act by absorbing Uie o’yvgend' 

attacking platinufn with sulphuric acid, tin presence of oxygen, 


21 , 


1 Subverts an»l .Jurist-h, Jhr., 15*1-, 4S» 

2 pjrani ;tfvl A. lfc MeyfT, frit*rh 1010, 16 , 4M. 

3 Schut/fiibr^er, t'hiw. /Vo,*., 15 , 10O; lh< 

1 Troust an»! If t'oinpt. rtnj., 1*77. 84 , 017. 

OonrtiV, •/. S/tf, Iii'l., llfo.l, 22, 40.i. 0 • .... 

McCav, Kiyhlh Int. Chnn.. 1012. Station ? X>\. uPo !»•!. |»mr, 

Compt.ren/1, 11*00, I j|, 101II; Quenncfuru, 142, 130* 
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nltlioii''h fueililal ing solution of Hie platinum, is not ^absolutely 
<-ss<nlTTtl,* The oxygen plays a secondary part in that it modifies the 
cipiilihrium of lie* initial*action of the arid upon the metal, !Ss repsc- 
st-nled by the equation : 

2 IM | *511 Srf>, - L’1’I(<)I1)(1IS(),) 2 + 8SO, -| 111,0, 

* 

the reaction being regarded as reversihle. 

I'Viim the solution obtained by dissolving platiiiAnf in concentrated 
sulphuric acid two substances have been isolated, namely, a yellow 
hydroxvhvdrogCT. sulphate, t*t(()lI)(1 ISO 4 ) 2 , and a reddish brown com¬ 
pound. the composition of which is probably represented by the formula 
J’l(OII),(IISO,)lI,Oi« This last-named substance is only formed after 
prolonged boiling of platinum with concentrated acid for some twenty 
hours. It crystallises in rectangular prisms, which are very soluble in 
water, in concentrated sulphuric acid, and also in alcohol. 

Dilute sulphuric acid does not at tack platinum, not even if hydrogen 
peroxide is added ; neither does a mixture of glacial acetic acid and 
hydrogen peroxide. 8 

Nitric acid is without action on pure platinum, and the hot concen¬ 
trated a^'id should extract practically nothing from a well-cleaned 
crucible of the pure metal. 3 t 

When alloyed with certain other metals such as silver, for example, 
platinum dissolves to a considerable extent in nitric acid (see p. gst). 

Aqua regia dissolves platinum with case, yielding the hexachlor- 
platinic acid. This is mainly due to the chlorine liberated, since 
boiling hydrochloric acid, like boiling nitric acid, alone is without 
action on the metal. 

As a solvent Ibr platinum a mixture of concentrated hydrochloric 
acid with chloric acid has been fceonunended, 4 its activity being due 
to tile chlorine liberated by,the interaction: 

511(1 I- mm, :iCI, f :ill 2 0. 

* « , 

l’kiiinum is slightly attacked by fused alkali carbonate, more so by 
the fused nitrate or hydrogen sulphate, and strongly attacked by fused 
hydroxide or peroxide. f 

When platinum wire is heated in ammonia gas at S(1()' J ('., it$ surface 
becomes (lull, and shows a more or less blistered appearance under the 
microscope. A lim' deposit of platinum black also gradually collects on 
)(: lie surface of the metal due to disintegration of the com pact platinum. 9 

When platinum is healed in a luminous coal-gas (lame a black layer 
is formed. Iflhe carbon is now burnt off in air the metal is left in a 
rough an'd brittle condition, but without having undergone any loss in 
weight. The action is, considerably enhanced by the presence of 
alloyed rhodium or iron, whilst iridium has a less marked effect. 0 

In the ease of pure platinum the action is dug to the presence of 
carbon disulplftdc in‘the coal gas. 7 

', IVlrpino, Ccmjif. met., KUO, 150, HM. 

- Halkmvski, ('turn. %tit ., 1010, 40, 418 . 

llaxlor and (IidvtT, ./. Amer. i 7i« m, $m\ t 1014, 3 ^ 1080. •Contrast Jaimek and 

Mover, jfeiV.sv/i. anonj. ( 'Item., 101:5, 83 , .‘>1 ^ />V/. f 10115. 46 , 2870. 

4 Zappi, Ami. b'i*. (Jitini. Argentina. 101.*. 3 , 08. 

5 Hcilby and llendorsin, Tran#, ('hem. Sot., 1001,79* 1245. 

* Myliua ami Kuttwr. anorg. ('hem., 1010 , 95 , 257. 

7 See Korn, Chcfn. Xur*, 1877. 3 S. 77. t 
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A mixWtro of methane, ethylene, caroon menoxide, and hyifrggcn is 
without action upon the pure metal, although eonimercial ptatimim is 
blackened by ii. 

When heated in direct contact with diffcrcu, I’m ms of carbonaceous 
material sueh as coal. coke, charcoal, etc,, platinum isjiablc to become 
•brittle and to fracture easily, 1 . 

At KiOO" C. platinum effects the reduction of .both ferric oxide and 
ferrosoferric oxide*ia air?oxygen being evolved and a solid solution of 
iron in platinum remaining as residue. The same reaction obtains at 
lower temperatures, namely, at P200’ t\, ifrthe oxygen pressure is \ciy 
small. This explains why platinum crucibles sometimes increase in 
weight when used to heat oxides of iron at. high tunpiUarcs. 2 

Sulplnir alone has no action upon platinum, 3 but metallic sulphides 
are liable to attack it. Phosphorus, phosphides, and phosphates under 
reducing conditions attack the metal, so that these and the aloresnid 
sulphides should not be ignited in platinum ctueihlcs in quantitative 
analysis. Ferric chloride solution is reduced to ferrous chloride when 
evaporated in a platinum dish, platinum passing into solution. 

When plates of platinum are kept in an alkaline solution of potassium 
permanganate for some t"cuty-four hours at the ordinary temperature 
they become superficially attacked, and on treatment with dilute 
pflt'assiimi iodide solution and hydrochloric acid, red solutions are 
obtained, from which platinum sulphide may he precipitated on passage 
of hydrogen sulphide. 4 

Platinum rcadilv alloys with many metals. The e.t ■ with which a 
alloys with lead is a. property made use of in assaying ijic metal. 

Solder for Platinum. The only suit able solder for platinum and 
uidio-platiuum is pure metallic gold. 

Platinum Plating. A pure wlltte deposit of platinum may he 
obtained by using a boiling solution consisting of: 


t grams platinum tetrachloride, 
‘go grams ammonium phosphate. 
90 grams sodium phosphate, and 
5 grams sodium chloride 


mol ion. and 


per litrik The article to be plated should be Jsept in 
potential difference of from 0 to 8 volts maintained/' 1 ^ 

Catalytic Activity. ■Platinum possesses eoifcideraklc catalytic 
activity, even in thu compact state, for thin platinum foil te wire' 
when freshly heated in.air glows upon insertion in a > urent of coal 
gas, and causes ignition if a jet of hydrogen gas allowi : t$> impinge 

upon it. • 

ltut. it is when platinum is in A finely divided condition that it« 
catalytic activities # . re most pronounced. • • 

That in sueh ^ireuinstanees the metal can act eatalvtieally in 
assisting chemical reactions t<* take place has been kitown for many 


0. b. Bertliolkt, Ann. Chim. l’hi/s., ISOS, [i],* 67 , 88 ; Uou ^injiniill, JS21, 
[ii] 16 , 5: folson, ' rtn</.. 187«, 82, MU ; lss2, 94 , 17.":. Scliiitmil.'oigi , ni,<t 

Cotton’ i7/>'/ .*ts s -, 98, -U; (Jiiflitti*. <*rm. AVr», lss.'.. 51 , 117* Memmmin-r, Amir. 
Chfm. ’j., ISSli. 7, 172; V. Meyer, r/lm. .Van, lS'.Hi. 73, 230 ; /,'• o, ls'JU, tg, S10. 

2 Bosnian ami Hosteller, J. ft unhuiijtijfi Arml. 8 m., J!ll;». c , 203. 

1 Ucr.'eus and (ieibel, Y.ohch. anijnr. Chon., l!Mi7.,20, IK 4. 

* Mane, (.'umpt. rind.. i'.'l'S, 146, 470. 
s Nikolaus, ZtU»o-.,Elcklrorhtm., H*M, 21 , 13j[. 
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yours. G'lms I lie reduclioi* of nit ric oxide to ammonia by* means of 
hydrogeu.m the presence of platinum was observed by Kufalniann in 
is;*.s : tJie eomliiftaljon tif iodine will, hydrogen, by t'orenwnider <n 
I s.V_* ; the conversion of hydrocyanic acid into met hylumint', by 
Debus in and the production of cl hunt' from acetylene, by 

de Wilde in I ST I . * 

' It is frequently convenient to employ (inely divided jilatinum in the 
form of a deposit upon other substances such Us nsb^sttis. 

I’aal and Windiseh 1 prepared platinised metals such as nickel, 
copper, etc., by shaking tlw metal in the form of powder with an 
aqueous solution of ehlor-platinic acid, a deposit of platinum amounting 
to about 2 ~> per cent, of the weight of til" base metal being aimed at. 
The product, was washed with wafer, alcohol, and ether, in succession, 
and dried in vanw. 

It was found that nickel has no effect, upon the catalytic activity of 
the platinum; ahnuinhun, cobalt, and bismuth reduce its activity 
appreciably; whilst copper, zinc, silver, tin, and iron inhibit its activity 
altoget her. 

Platinised asbestos has been used to eatalytieally accelerate many 
chemical reactions, such as, for example, the union of oxygen and 
sulphur dioxide to form the trioxide. This reaction proceeds almost to 
completion in presence of excess of air, and in IStlS and IS!)!) severtd 
patents were issued in respect of this process. 2 

Dilute solutions of potassium permanganate are reduced by finely 
divided platinum, potassium hydroxide and hydrated manganese 
dioxide being produced. Thus 3 : 

gKMnO, i 11,0 •_>K()II i Mn,(), 

Mn,(). r Hi/) • tiMiqOll), | :SO. 

In a similar manner the reduction or hydrogenation of numerous 
organic substances such as cinnamic acids, etc., has been efftvlcd with 
finely .divided |Matilium. 1 

. Passivity. It is nowa matter of common knowledge that, platinum, 
like iron, cobalt, and nickel, exhibits passivity under certain conditions. 3 
Possibly this is due to the formation of a superficial layer #tf oxide 
which protects the underlying metal from attack. This explanation is 
supported Ry the fact that djiring the electrolysis of platinum eltjoride 
solution with platinum electrodes, the anode becomes slightly coaled 
with oxide,' 1 and the same is true when dilute sylphurie acid containing 
from to to*per e/ nt. of acid is similarly electrolysed. 7 

The dOatiug*of oxide formed is yellow to brown in colour, and is 
yisoluhle in cold sulphuric acid tslotte, although it dissolves in the 
presence of a .reducing agent. It is not. formed, however, in 50 per 

x Vnal Wi/uliseh, 1913, 46 , 1010. 

3 See luommt by Knietseh. Her., J901, 34 , -l000. Ahfi this Series, Vol^VTI. v 

3 \Y. Foster, Chem. A\ ics, 15)1,7, 115 , 7.3. 

**Kee Bbeseki'U. Htc, trai\ ehim., ISMl*, 35 , 200 . 

See (irube. Traits. Faraday »Vo<\, 1914, 9 , #14 ; Zi'its^h. FlcMnefn in., 4912, 18 , 1 SO; 
F. Focrstfiv'iul Yamasaki, Had.. 1910, 16 , 321 ; Uoerstcr, 7.eii*ch . physilal. ('hem., 1909, 
69, 230). # r , t 

0 Marie, i'ompt. re/a/.,^1907, I45> 117* 

7 Senter, Tranjf. Faraday Hoc., 1900, 2 , 142; Ruer, Zdlsch. Fkhtrodum 1908, 14 , 


30i 
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cent, sulphuric uciil, being apparently soluble in that enneculration of 
acid. Its«possible formation, therefore, can hardly be ofl'e|^-d*as an 
explanation for the insolubility of platinum in tho’morc eoneenlru UHl 
aeid. II. t herd ore, in the latter ease an oxid- lam is formed during 
eR-etrolysis, it would appear that a different oxide must be postulated 
from that produced in dilut^ solution. 1 What tlu*cnmposilious of such 
oxides may be is uncertain. Possibly the trioxule, 1’tOjj is not. 
altogether uncoi.nndcd *ith these phenomena.- 

Crystalline Platinum. .Moissan * observed that on decomposing 
platinum tetrathioridc at a high temperutjire the metal was left as a 
distinctly crystalline residue. This was indirectly continued by .Inly, 4 
who passed an electric current through pure plaijnem r : bbon dusted 
over with finely divided topaz. After being maintained at red heat- 
tor half an hour microscopic crystals of platinum could be observed 
clinging to partially decomposed topaz. Tlu-se graduallv increased in 
size, some reaching OT mm. in the course of two hours. The crystals 
possessed a high metallic lustre, and belonged to the cubic system, the 
prevailing form being the octahedron or some modification of it. They 
were unattacked by hot hydrochloric, sulphuric, or nitric acid, and 
appeared to be unaffected by cold hydrofluoric acid, although slightly 
attacked by the last named w l|en hot. 1 toiling aqua regia completely 
dissolved the crystals. It is not improbable that lluorine. lib. rati il 
from the topaz at the high temperature, attacked the platinum, yielding 
the lluoride which in turn dissociated, leaving the residue 01 crystalline 
metal. 

Crystalline platinum may also be obtained by ignition of po'.e.Miuii 
ehlor-piatinate, 1 ’ and by heating spongy platinum with‘cupric chloride.®* 
Small crystals have been observed in electric furnaces ne.,r to platinum 
electrodes, evidently due to till' s»bl : jiiati.*n of the natal In-low its 
melt ing-point. 7 

Platinum Hydrosol or Colloidal Platinum. A solution of platinum 
hydrosolaur colloidal platinum in water is easily prep.,ad bv .-.parking 
between platinum electrodes immersed in icc-couh-.! ,wt-l?r. K a jama nt 
of about 10 amperes and to wills being employed. The eleelTadj-, 
consist of thick platinum wirofand. when placed from I log mm. apart, 

‘ sparking takes place, particles oft lie ml*lal being lorn off and suspended 
ill the Valor. The liquid Unit ,.hlaitfed is allowed lo slaud .eemiglil, 
and Recanted from any sediment. It lias a d.-*rk cotonr. »>nl i lie 
individual metaJlie jiarlieles cannot, he distinguished even with the aid, 
of a microscope. 

Colloidal platinum 'Lay also he prepared by rc duel iomol I he chloride 
with hydrazine hydrate, in the presence of a pmtc<4ivi eiilloid {vide 
infra). . 

Castoro recommends aeraldt'hvd<- as a swila1>ly ivdu<Jn;» a^eiit.*-* 

When plalinutfi wire is heated to ineande.-i mice ami plan d into 

1 Ruer, loc. cit., p. *533. * 

* Wohler ami Martin, iOW, 42 , 33L*U- 
3 M oilman. (,'umft. rt./ul., ISStl, 109 , S*)7. 

£ July, »niure, 1^01, 43 , 

‘ facquolain, ./. pm It. ( : i >< •»<., Isil, 22, 22. 

'■ Limtnpr, Chan. ZtiL, 1 i>7.* 31 , H>2"». 

: tiuntx and Ba.-sett. fin., finlt. Sor. tbiui., 10 t Jiid, 33 , K 0 » 0 . 
k Bredig and von Be meek, Z* it* r h, physical. < In ,, 1 31 1 

9 i\vsioi<: t ZciUch. anonj. Cfttjn., IWJ,^!, 120. 4 
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distilled water the presence of colloidal metallic particles can be detected 
by ult*a-4iiieroscopi(! examination. 1 

. As mentioned* above* the stability of colloidal metal solfitions^is 
considerably enhanc'd by the addition of certain organic, substances or 
protective colloids. For example, gelatin has berti frequently employe^!, 
O-.'i gram per litre of colloidal solution proving very effective in pre¬ 
venting I lie coagulation or precipitation of the metal. 2 Extracts ol 
Iceland moss 3 and ofquinee seed' 1 have also (jeen rwemn mended. 

I’aal r ' employ's the sodium salts of protalbinic and Ivsalbinic acids, 
which are prepared from egg albumen by heating at 100 C. with a 
,•! per cent, solution of sodium hydroxide. Addition of acetic acid 
effects the prccipilqjion of protalhinie acid, which is washed free from 
salts liy dialysis. The mother-liquors contain Ivsalbinic acid, which is 
separated by concentrating to small bulk and acidifying with sulphuric 
acid. It may be purified by dissolving in water and pouring the solution 
into alcohol. An alkaline solution of either of these acids is prepared, 
and to it a solution of plalinic chloride is added and a slight excess of 
hydrazine hydrate, the whole being allowed to stand for five hours. 
The salts produced are washed away by dialysis and the colloidal 
solution concentrated, the product being dried at 100° when it: 
yields bfaek scales, readily soluble iiij water .to a brown opalescent 
solution. • 

Amborger 11 has used lanolin as protective colloid. The lanolin is 
impregnated with an aqueous solution of a plat incurs salt, and inti¬ 
mately mixed with the requisite quantity of alkali hydroxide to pre¬ 
cipitate out the platinum as hydrated oxide. This is reduced to 
colloidal metallic platinum by hydrazine hydrate. Both the lanolin 
and the. colloidal metal are dissolved by light petroleum or chloroform, 
and the whole of the metal with*a portion of the lanolin may be re- 
preeipitated on addition of alcohol - a reaction affording a means of 
increasing the concent rat ion* of the metal in the preparation. 

When stannous chloride is added to solutions of plutimyn salts a 
red^oloration *i s .produced, which is due to the toriuatiou ol so-called 
nil iiilliiiiliil platinum, which is kept in a fine stale of division by the 
colloidal products of hydrolysis of th« stannous chloride. 7 In the 
absence of a protective colloifl the Ted platinum changes to brown 
colloidal platinum. Ar. interesting uuul<;ey may be traced bct\Ven this 
red coll»ida1*v.ietal wild the better-known colloidal gold, termed "purple 
<,>f Cassius.” * > * 

Colloidal platinum possesses considerable catalytic activity. For 
example, it stimulates the decomposition of hydVogon peroxide solution, 
a dilution of oire gram atom of platinum in 70 million litres of water 
paving a pronounced accelerating effect. 

The decomposition oT hydrogen peroxide in this manner is a con- 

1 Kimura, Mem. dull. Sri. Kim., Kyoto Imp. / 'nil'.. 11*! a, 5 , Oil; abstracted ir 
J. Hoe. ('turn. I ml*. 1913 , 52 , Uf.9. 

* Zsigmondy, Animlen. 189S, jot, 3S7 ; ZtilM'h. plAi*ihil. Cliem.. l!]91, 40 , 097 
Hrcilig, Zeilncli. nnyiw. Chan., ISOS, p. 033 ; Kusprit. Her., 1002, 35 , 2 Nls; t’altf am 
Anlberger, /{it., 1904, 37 , 124 ; Friend and Trice, Trim*. Chi nij Soe., 1004, 85 , 1320. 

3 (luthier and Id-Acuttaborators. Kotloht-Z.rUerh,, lOltg 18 , 3 1 . • 
i (luthier and Wagner, ihiil., 1910, IQ, 20S. • 

■' l'aal. Her.. 1914, 47 , 2202. \ 

* Anlberger, Ko'I'hiI Zm it<eh yH3, 13 , 310, 313. 

’ L. Wulilcr and A. Sprengel, Ziitich. Chcm. I ml. Kolluide, 1910, 7 , 213. 
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vcnient reaction to study, since its rate can lie followed l>y tjjralion 
with potassium permanganate. I’otii in acid and in nciitr.V solution 
it proceeds strictly in accordance with the mAno' gilftTilar nation 

11,0, 11,0 O. 


In alkaline solution link catalytic action of lm •■•■lo’dal platinum 
increases to a maximum with increase of alkali e'jimrnl ration and I lien 
decreases, in wRicfl rcs|#e! it behaves in a precisely similar inanneT to 
certain organic ferments. 

Colloietal platinum still further nse-nHiles eery mie ferments in ds 
ae-lion npem liydreigen peToxidc in that its ac. i\ it v is r< due-cel n, partially 
paralysed by the addition of poisons such as h veinn ev uah-. lie elroge-n 
.sulphide, or mereairie' eliloriele. After a time', however, the metal may 
iveover freim these. 

The reaction is mil a fleeted hv light, but increases with the cnin-cii* 
tration of tlie 1 platinum, although not directfv in proporlion to tlie 
same- ; it is also enhanced by rhe of tcm|■e i;it ic< 

'I'lie rale of dccom posit ion of hydrogen pe roxide hv i-olliiidal plat in him 
has he-cn made use of in di'lcrmining the absolul <■ and rein I i v e i nil m nces 
of eliffereait plot cel ive- i 'Holds upon the colloidal metal." 4b«' times 
rcepiircd for lhe dccompositiodkof a deiinilc percentage of tlie peroxide 
inide r varying cemditions being noted. 

Willi gelatin the: results are; typical, and are given in the following 
table : 


I’l ItS'lll ei' nf 
lift it ill. 


tie tie I iv<- Tine 'e-ljilile'il lee 
ete es 'tit ge ise- Ml *J, r Cl III . e 
t tie* iVl'eSeie Seileit ieell. 


noon.ton 

o-ooi . . . * t:»7 

o-ni ..... -mo 
o-o5 . . .* ogo 

oio. 

• 

It will tie observeil that even small quant it ies i'll gelal in TOt. rt a 
most important inlliie nee, ri luieliiig the di-eoniposilioii <>l I lie peio\i<V- 
, verv considerably, as is usual with a finitectiv e cilloid. The 'gelatin, 
hovvi-vnf, increase's the stability of Abe eolloiijal metal solution, and 
teods»to prolong its period oT activity by preventing its ,pie ■ qiital ion 
by e^ectrolyle-s. thereby enabling many pactions fo lie studied other 
than the <le''Composition of pure hydrogen peroxide- solution. 

When colloidal platinum is aeleled to mixtures of ( pro's permoiio 
sitlplturic acid anei aepu'eitis hydrogen peroxid. ,* oj^yg,is rapnlly 
evolved ; thus 3 : • 

II,S(.)j ; 11,0, II.NO, ! 1t 2 C\ • O,.. ’ 

Solutions of hv.lroge-n prroxiitc and potassium persulphate; interact, 
slowly in the colei, the/ate ol» reaction being gri*ntlv efdumeed by the 
addition flf colloidal platinum 4 : * , 

K^O, t- 11,0, ■ ; KjSO, II,SO, (), 

5 lJredig and von Bernwk, <‘f i<:/«., 1*‘W. 31, 

= f-iroh/tM., 1014. 88, 41-1. # J 

* Price and Friend, Tram. Chtm. Sue., U«M, 83, 

• Friend, ibid., 89, 1<«»2. 
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(’ujh'on monoxide combines with oxygen to yield eurlwi dioxide 
wlicn sh iIm ii :il ordinary temperatures with colloidal platinun*solution, 1 
whilst hYdrogen ;fnd oxjgen 'gases unite under similar conditions to 
yield water. 2 

Colloidal platinum solution absorbs liydrogeif gas, a rough propor¬ 
tionality existing between the concentration of the metal and the i 
volume of hydrogen absorbed. Certain protective colloids, such as gum 
acacia, dextrin, and albumen, tend to reduce the nitiofint of hydrogen 
.absorbed, but sucrose has a negligible effect. 3 It was to be expected, 
therefore, that eol'oidal platinum would assist in the reduction of many 
.substances in the presence of hydrogen gas. This hits, indeed, proved 
to lie the ease. Acetylene is reduced to ethylene and ethane, 4 and 
ethylene is reduced to ethane. 1 ’ The activity of the metal diminishes 
after repealed use, and, just as in the decomposition of peroxide already 
referred to, the reactions arc increased !>v increasing the concentration 
of the colloidal metal, sifeh increase is by no means directly proportional 
to the concentrations employed. 

Kerric sails are reduced to ferrous, 8 and ammonium molybdate 
likewise suffers reduction. 7 

Platinum hydrosol also eatalytically assists in the reduction or 
hydrogenation of many organic suhslaiices such as lmsaturated oils. 
To this end an aqueous solution of Colloidal platinum is added to ;fii 
alcoholic solution of the organic substance and hydrogen gas bubbled 
through. The temperature, pressure, and extent of agitation of the 
liquid are important factors. In this manner linseed and other oils are 
rea lily reduced saturated or “hardened,” to yield while fatty 
sub hinces. s 

Tie activity of colloidal platinum is reduced by such poisons as 
livdrog ai cyanide or sulplmlc, 9 but'increased by short exposure to ultra¬ 
violet light. On the other hand, prolonged exposure to ultra-violet 
light causes the deposition of the metal as a black. Iloeeuleiit precipitate, 
its ealalvlie activity being thereby totally destroyed. 1 " « 

^'A biiilal phftioum may also be coagulated by introducing plates o! 
various metals into its aqueous solutions. It is found tliaj plates with 
roughened surfaces are more aeUve I half those that, are smooth, olhoi 
tilings being equal. The following is The order of activity of,Hie livi 
metals that have been bxpcriuienlcd with, the first named causing tin 
most r:lpid'“7ViaguU - th>ii of Jhc platinum, and the last uame<\ tin 
(slowest : zinc, steel, nickel, tin, and copper. 11 Tin; explanation appear.- 
to lie in the solution of traces of the metals upon introduction into tin 
colloidal solution, whereby positively charged ions are formed wliicl 
neutralise'the negative charges of the colloid particles. In support ol 

" 1 l’n;il, ll,r„ mill. 49, a IS. * 

- See I’aal iiiHt'Scliwur/. ./, [trait . t'linn.. JUKI, |ii|, 93, yil>„ 

8 Kernnt ami Niquesa, Rend. Aecad. Hei. Fin. Mat. Snj>oh, y>00, [iii|, 15 , 108. 

8 lVi.il aiM Sel*.vaiv, Her.. 1015, 48 , 1202 . 

6 Paal ami Sehwar/, ibid., p. 094* * 

8 J^ugert. Zeil-irh, Fh ktrodu m.j 1911. 20 , 370; 1015, 21 , 3 40. 

7 I’aal ami BUliuer, Her., 1015, 48 , 220 . # 

*• Numerous otlier*e.x ample# of reduet ion, mainly of <^rgamc stiligtane**, have hen 
invest igatetW Vaal and Herum, Her.. 1008, 41 , 22W. 

9 Bredig and lkoda, ibid., 1001, 31 , 1 ; Prjjre ami Friend, Tran*. Chun. Hoc., 1004 

85 . l.m • \ 

10 (•. J. Farmer »ml F. Parker,./, Annr. Chcm. Sue., 1013,35, 1524. 

11 Spear ami Kalm. J . A mu'. Chan. Hoc., 1918, 40 , 181. 



W M,ATtNlk\t (’oMI’Ol'NTtS 

. iv t -j 

thi.. it is iiiti-ivstinir to note that*flic presence of copper hip. been 
(lemons! riTcd in (lie coaaulatcd mass precipitated from fci^loidal 
solution iiv tli ■ ini reduction of a topper plate •, 

So]id Platinum Hydrosol. The hydrosol i p i he obtained in tfie 
s. lid state, eompletel, soluhle in warm water. Tins is most readily 
io'eomplished 1 l»v com cut ration oxer stilplmrie • . id«?<» wnim ol, I lie 
colloidal solution ohlaimd he rcdmane a pl 'imim sail w.lli hydra* 
zinc hydrate in tip- j : "scuee of a protective colloid, such as yum 
acacia. 

Platinam Black. This consists of platinum m a very line s!..'e 
division, am] (sintamiuated with traces of !.?r. i'.;n d>s| anees v ineii v ary 
aeeoi'dine to its mtliiod of preparation. This u- ,aMy consists of 
preeipital iny the mela! mini solutions of its salts bv ivduemy apenls. 
To this end alcohol lias hccit used successfully m tin presence m 
alkalies-; .sodium formalc,$ elucosc in alkaline solution.' 1 sodium 
acetate. 1 hvdra/.inc hydrate in alkaline soiuhoB,'' Idmialddiv di in 
sodium hydroxide solulion. 1 and ylveerine will: potassium hvdroxide 1 ’ 
have also been used as riituein;; aments. Intend ol tlnse n aments, 
the more highly elect ropuxit i\e metals max lie used, as, lor 
example, mayiiesium.' zinc, or aluminium. 1 ’ The last named metal 
is reeomim uded by McDcnuitt in sheet lorru lor I In ‘'iiiueli. n 
ol. platinum chloride solulion since the precipitated plat in mi i. 
lvlatixelv purr, very linelv divided, and contains no ahmimmm, 
whereas, when zinc is used, Iran sol’ ilus metal coni amimuc the pre¬ 
cipitate. 

I’latimim black is a powerful catalysin', effectin’ 'In nmon of 
hvdl'oyin and nxvyrn with ixpinsivr vio'ence. It oadilv absorbs 
hv do in n. Alt liouyh the hvdrosol <a nl.it iuun i mil lies eai ’. ion monoxah 
Io unite wnh oxvmen to form the .i. \id' wl u shaken with the mixed 
a ims at ordinary temperatun s, tin-, rcae! ■ • n does not appiar to talc 
plaeiTiu the presence of platinum black. 

An interest ilia reaction consists in tin oxidation ..! ntmosphi rie 
nit riiaeu in ail hv the agency ol platinum black in lb< j.»i< '«nee ol p'tash 
or band a water, wlurebv nitrous acid or ammonium nitr.i. me 
produced. 1 ' 

Not only are oxidising rcu("i*ns m e-li rated t>y platinum black, hut 
redact ii^s are similarly hasten d. in the pp.-eiic of dextrose ii 
red net s free nit lie acid to ammonia, pi 1 assium c|j< 'rah and pi. ivhimatr 
to chloride, and potassium inflate m iodide. 1 ' 1 I>\ healmi: (^li'mum 
black to between bOO and 5011 ('. its cal dvtic hydrogenation activity 
is appreciably reduced. 1 ' 

1 f iiit > fit* i .i I Hof r. ./. prill. 1 'futu.. ; u 71, 

2 !»avv. iS'.'Ab”* 'i'pj'* 1 *-L 31, .*110 : i-- . / >»jy. . 1 1 toil* n. * v l" 9. . 

:: I >« ;<*!>* r, Co'jj !<>.'> , !M; <>uth a^t-i M . - |. /.'< / 1919, ^ 2 , 

L19*. . • 

4 <'ni|n i, Quutfrrf »/ ■. >•». Lit. Art*, l onJ<»n. 5 , liiO; Lot , /*’»/.. iMM». >} 

6 I’.ni, Hu., 1919, 

^MrawViwilt’h, Hull. St *. thn.'., J ST25, 1 ‘.^. 

7 Hotter, J. pruU. Chtiii.. 1 > 7 U, 2, l .‘ 17 . • 

* Mc!>crm »tl, ./. Autt.r. ( fat;-. Svr. t Ii.ilII, 32, .'i.'Mi. 

* WVihlor, ¥& r., llifl*, 36, :H#U; J A<jn<\ S. I. lt>K 3, OmtuM Uuss.-H 

and Smith, ibid., ]9 f >•** I, 144. * • 

10 Lo«;\v and Aaf», Hull. Coll. Afjv r - V'h/o Imp. L’nn., 7 , 1 ; J. Chun. SV., 

19 m», 90, [ii J. SOIL 

11 Vavon, Compt. rend., 1914, 158 , 199. 
vol. ix : I 
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U> Jc; r/.ino hydrate is miivcrton »>y platinum black into fijyc nit rt 
and atniiionia, 1 the read ion proceeding according to the cqi^ilkm : 

ti\H 4 ?JI,0 = 4NH, + N 2 + 3ILO. 

Neil her hydrogen «mr nitrous oxide appears tfl he formed during 
process. 

' 1 ’ 1 ,-itiniini black slowly absorbs 00 times its volume of carbon n 

oxide at ordinary lemperal lire, and appears do form ’ll chemical c 
pound with it, 'allhough efforts to isolate any such substance li 
hitherto proved abortive. ,The absorption can hardly be a pm 
mechanical effect, since other cases such as hydrogen do not effect 
climina! ion. l'pon,hcating to 250° C. the carbon monoxide is siidde 
liberated.- 

I’lalinnm black, if it. lias not been ignited. dissolves in concentra 
hydrochloric acid in (lie presence of hydrogen peroxide, yielding chi 
plalinic acid, HJ’tCI,,. which, from its method of preparation, is cnlir 
free from nilro compounds . 3 

When exposed lo red heal, platinum black shrinks and hccnti 
spongy. no longer blackenin'; the tinkers. 

Platinum Sponge is obtained by ignitin'; ammonium clilorplatiiin 
preferably in hydrogen, when lnciallie plalinum is left, behind as 
dull, grey, soft and porous mass. Its density is approximately 21 1 
When heated lo whiteness it may be welded by hammering into eompa 
plat ilium foil. 

Plalinum sponge readily absorbs hydrogen, and when charged wi 
I his gas becomes incandescent in air owing lo the induced combust in 
This is the principle of the Dochcreiner Lighter used for igniling co 
gas without a maleli. Hydrogen and chlorine readily unite in ll 
presence of platinum sponge, as also do hydrogen and iodine, alibiing 
mil ipiile so rapidly. Plalinum sponge prepared al a relalixely lo 
temperature will cause hydrogen and oxygen to unite with cxplosix 
violeilee. 

When' spongy platinum or even the compact foil is boiled wit 
sulphuric acid coiilniiiing ammonium sulphate, sulphur dioside i 
formed, and some Irce nilrogeii evohed. - The jilalimini apparenllv ael 
as a catalyst by alternately yielding the disulphate and fr<jr. metal 
thus: • ! 

t * Pt HI .SO, Pt(S(),)„ -I 2S0„ 4 111,0 

Bl’IfSO.,), 4 -(Nil ,) 2 S <) 4 2 N., -i al'l -I-SlLO'-f ,sSO r 

Nitrogen is not evolved if the plntiimm is replaced by gold oi 
iridium.'’ 

Explosive Platinum is obtained by dissolving an alloy of the metal 
wilh excess of zinc in hydroehlorie acid. The zinc passes into solution, 
leaving mclallh plalinum in the form of a finely divided residue. 

As obtained in Ibis way the platinum is frequently explosive* but 
not always ; its behaviour is very erratic in ties respect. 

The explosive property appears to be due to the union of occluded 

1 <«u(l»itT and .NYun'Uingi , r, ACIxh. phuv'lnl. Choi'... 1013. and 

Zaiiioltt'lli, 1001, 31 , i. AT ; Taunt nr, Zdtsfh. pf&silvl. ( him., 1902, 40 , 47a. 

‘ llail»f. k ami 'Arihrh. a nary. CfitH., I SOS : 5 , AO. 

3 ttndniok and ./. Anur. I'hon. Sot'., illl’i, 39 , 033. 

4 Ai' liiOald, /*'«*//# £**•/•. AVt hi liMHk 29 , 721. 

" iK lf^iuo, Com ‘l. roul , 1903, 141 , 880, 
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oxygen ni^d hydrogen. for the metal'is not explosive if ohtaiiyr^in th 
entire ahvnec of air.' / 

Atomic Weight, ./ppmi/wa/e rulin'. Several lines of argimuyi 
lead i:s to tile conclusion that the atomic wight a p’atimun is approxi 
i.lately U>,‘). and not a multiple or sultnmllipie if this amount. Th 
more important of these miv he summarised as folio-,vs : 

(1) The speeilie laat of platinum hetween u" and lot)’ C. is 00;t2!l 
Assuming a mean domi- heat of (el, application of Dulonp and Petit" 
l.aw leads to the vahu 108 for the approximate atomic weight o 
platinum. 

(2) I he chemical properties of platinum and its compounds exhihi 
interesting rcscmhlunces with those of nickel anil palia, 1 mu. on the mu 
hand. and. on the other. I lice serve to complete the «radation in proper 
ties ohseivahle as we pass from osmium through iridium to platinum 
There can thas he only one position for the metal in t he Periodic Scheme 
namely, at the close of the thud vertical column in Croup VIII. aru 
with an atomic weight slightly greater Ilian Ih.'M (at. wt. of iridium). 

(:}) The measurements made hy Zamhouiui ~ of the crystalline 
potassium sails of plumhie, stannic, anil plalinie acids shows that I he 
salts are isomorphoiis. *>y Milscherlieh's l.aw. then lore, they should 
have a similar constitution, and assuming the lirst two suits to hr 
r. presented hy the formula K d'l>(()II) 6 and K,Sn(<)ll), respe. ii\, !-,, 
it follows that the platinutc has the formula lx,Pl((>11 ) (i In other 
Words, a molecule < f potassium platmale contains one complete ah iu 
of platinum, and one only. Similarly potassium < . 'or- phd inao- is 
isomorphoiis with potassium ehlorstannale, K.SnCI,;. and may he. 
assumed to have the formula K..PM l fl . Analysis of these compounds 
indicates, therefore, that the atomic weight of platinum is F.I.V2 and 
not a multiple or simple fine! inn of tins amount. 

Ij.iiitl l iiliii'.- The lirst determinalio. of the alomie weight of 

platinum was made hy I’trzchus in From the nnuhsis of 

platinoiiri chloride he found I’l V'l-i. Two years l.m r he published 
his (lit erminal ion of the composition of potassium* ehiftr- plat iuate : 
(i t).Sl parts of the salt, lost 2-021 of chlorine when ignilid in hydnogn, 
leaving a residue containing ‘ir.S22 of platinum and 2 I.'ia of potassium 
chloride^ lienee:. • 

* From K,PlH fl : t( i I't /.V.X- J 

.. K’PK 1, : 2Kl I /’/ lM >i 

.. k,pk i„ : i’t /V r.n-t 

., 2 Kd.Pt n /.'•;/ 

These results are now known to be extremely hi^h, bul jmlil I SSI 
the accepted figure lor the alonre vvt e.ii! ol‘ pkdiijum nsltd entirety 
upon them, and tle v appeared to tie eorrobor;U«d by some aual\srs 
published by And:« \^s ' in • 

In l SSI Setiber /’ bv his anal \m s of ammomum am! pot a -mm ehlor- 
platinate. # showed that ihe atomic* Mei^kt of platinum approach's the* 

1 S»*<* A /fifth it t i j}>, 2”»7 ; K. < •'! i • * i m«i S»m f>/tj i/.ot, 

iaos, # 6i, . # 

- S.-o amt Pairvivafio, Aib /'. A'aitl. Linf.i, |vj, 14 , u f 1.77. 

3 Uur/uliU', V'njq. Ahiuib n. 1SJ»1. 6, I* 

4 I’er/.rlius, dm/.. HJS, ij, • 

J Andrew s, llnfi-h A '■<••<" i'if ion Jif/n>rt, I 

9 Seubctt, Annalti -. IbM, 207. ! ; lhbJ, 1^, S 05 . 
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value I'li 195, and not 137. Ilfs results were confirmed by IlalFier- 
slndl 1 in(bSS4, while I )i( t iniir and McArthur 2 three years lajcr arrived 
at,a somewhat higher figure as the result of four rather unsatisfactory 
analyses of pofUssimiY ehlor-plalinate. 

'1'he results of Seul'crt and Ilalherstadl liave mow been supplanted 
hy the more modern work of Archibald, so that it, will sulliec to quote 
the ratios that: they established and the values for the atomic weight 
of plat ilium deduced from them. 3 


Skuiikkt 


2‘_* ex pis. 

(NI1 4 ) 2 1M('I, : Pt. : : 100 000 : 43-053 

whence I’t =■--- 

m-J3 

ex pis. 

(MI, 1 ).,PU'I, : OAgC'l : : 5I-S0I : 100-000 
K,l't<i : f Pl : : 100-000 : 40107 

.. J‘l ■- 

197-22 

S expls, 

., I'l 

IHI;S:i 

S expls. 

K j’tClj : 2KCI : : 100-000 : 3(WiS2 

I'l 

195-01', 

,‘i expls. 

Kjl'tl'le : IAg('l : : 31-800 : 100 000 

„ I’t -- 

195-31 


IlAun-'.iisTAirr 



10 expls. 

PI Ur,, : Pt : : 100 000 : :S7-N47 

whence I’l 

hum 

32 ex [its. 

(Nil J ) J Pl Hr, ; : Pt : : 100-000 : 27-1-211 

I’l --4 

HUM 

1<S exjils. 

KJ’llir,. : PI : : 100-000 : 25-015 

., I’t 

195-os 

LS expls.' 

lO'tUr,; : 2Kltr : : 100-000 : 31-501 

.. I’t - 

195-7 S 

IS expts. 

(Ml ,),Pl( 1,. : Pt : : 100-000 : 13-043 

„ I’l 

11)5-111 

lit expls. 

K..Pt( l 0 : PI : : 100-000 : -lO-OOS 

I’t - 

HU-75’ 

1U expl s. 

KjPtClj : 2KC1 : : 100 000 : 30-(i03 

.. I’l - 

195-29 


The modern value for the atomic weight of platinum is based upon 
the extremely t-archd analyses of the chlor-plat mates and brom- 
plulinales of potassium amt ammonium published by Archibald 4 in 
Itttttt. The utmost precautions wlrich modern experience has shown to 
be necessary were taken in preparing the salts in a state of purity and 
dryness, and in effecting I lie- numerous analytical operations. v 

The analyses of potassium chlor plutinate were carried out in the 
following'manner. The pure dry salt was weighed and heated in a 
stmini of hydrogen : 

KAMI, i ‘.'lb, 2Kb! '1 I’t I 111(1 

“/I 

The hydrogen chloride produced was absorbed in water'“and the 
hydrogen eld-wide in the solution determined by titration against a 
weighed amount ofsilver, divsolvcd in nitric acid, the end point, being 
determined nephelometrieally. 5 The precise silver equivalent of the 
hydrogen chloride having been thus determin'd, the silver chloride 
produced was collected, washed, dried, and weighed. The residual 
mixture of potassium chloride and platinum was treated with water to 
w’ash out the potassium salt, and the platinum collected, heated in 
hydrogen, eooletl, and weighed. The chlorine in the potassium chloride 

’• lliiliuTs.ailt, fjft r., I SSI, 17 , 21 H> 2 . 

“ Hilt mar un«i Mi-Ait liur, ,/. Svv. ' 7 . 77 / 1 . jfnd. t 1*87, 6 , 71)0; Trunl*oy. tfoc. Edin¬ 
burgh. ISS7, 23 , r*l> 1 ; ef. Sruli'rt. /wr.. 1*88, 21 , 2171). 

3 These ami all succeeding values arc not those to l»c fiAiml in the original memoirs, 
but have been rooulet.kitvd, employing (he following autosmlent tUta : 

O « 10-OCD, 11 =- 1 00702, N 14-008, ri _ ‘Ki-457, Ur « 70 010, K - 3U-1W, 

Ag 107 -m. 

* Archibald, l*roc . Hoti.Soc. Edinburgh, 1000, 29 , 721. 

6 See this Series.. Vol. 1, p. 240. 
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» i 

was determined first l>y 1 it rat inyr it nr .bust diver, and then by t’ldlcetinj; 
and wri^'l'iny the silver chloride produced in that operatic!.® Tims, 
I’orrespo.idiiu; In a certain weichl o'' potassium chlor |>' il mate. rlierc were 
obtained t w 11 weights of silver. two Wrights of s . i " chloride. and otic 
v.ciaht of platinum, toe six vvciyhts In inn in the lollowino pro)iortions : 

K.PH1,. I ' I Ayt'l, I’t. 

- • 

It will hr in.lilodiotely obv ions that such i'o:i,|ilrtr analyses, if con- 
rordant. afford \: 1 1 1 !ai>I informal ion recordin'.: tin- purity of the 
potassium fhlorpl.n mute. Niue values for tin- aloiuie wcit/lii of 
platinum may In- deduced from each experiment dv ealeuhd i >n from 
the follow inc ratios : 

(I) l’t : K ,1’lt l a (t) K .I’lCl., : I AyCI (7) I’l : *i \<r 

(•_’) l’t : l A yt I (51 K.l’tt'l,: yAyl'l (X) K.l’H'l,. : |.\ R 

(I!) 1*1 : -JAot'l (<!) l’l' : fAy (It) Kd'tt 1,- ; 

'I he nine values for I lie alouiie weight should, of course, lie highly 
eoneordant if tile pure dry sail has hern aceuraielv analysed. In the 
event of the nri'jllial salt not lieiiiLr perfeel ly dry. all the ratios not 
involvin'.: the v,ei;jht of the s;,|| should \ ii hi the same (inure |dr the 
atoinie weight in nuesti.„i. but the oiler ratios should yi'e liohtly 
different results. 

The analyses of potassium hrom-plnl male were effected in a ina nu r 
st riel I v analogous to those of t lie rhlor-plat inale. The ana'v .es of the 
iinimoniimi salts w. re simpler : the initial react ion l» inn as lolious : 

(NH,).!MX.. -Jll, Pi gMI.X ; if.X, 

and lln ammonium halide Inin'.; volatile at the tempi i at lire employed, 
the halogen in the original all wa , jailled.il and dele, mined in nr- 
operation instead of I wo. 

•Archibald s results are as follow : 


/Vus'i ■ ! (.'/./or/,lain Ur 


(1) ftl-vpl!.. 

K d’lj : 1". ■ ; 1 ( 1(1 - 11(111 : 117 :»r; 

wlif If i 'll 


< - } 13 OXpt*. 

-1 .\.a i : l‘t. : ; lei) linn : :H-mu 

,! i'l 

- JW 7V 

(3) 14 fxj.ts. 

HAvll : I’t :: lmi mi: ns Ini 

n 

J'iS’J to 

(1) l3.-.\pU 

1 A'.'l i : K .!’!< <• : : IIK 1 <Kill : SI-711,V 

.. J't 

- /7.v,V.V 

(0) H«.\pN. 

A A . f'[ : K ,1'if!,. : * Inn in,e ; |i;y i,t,o 

J’t 


(<))•!.■< 

1Ar : I'l : Inn One : r. Hill 

n 

/7v 

(7f I t expts. 

A'An : 1*1 : : IntWKMi : III. (Mi 


■■ r ’ mi 

tN 13 e\ptf. 

1 \y : K .I'll 1,: : Inn nun ; 11 j llli 

, ; v 

/' .’ Jf’V 

(9) lltxpirf. 

HAy : K.l'tCI,, : : Ion null ; j 

/'.Jo/ si" /n fjtooijin .mile 

J't 


(10) 6 oxpta. 

K .ltr,; • 1 * 1 . : : Inn mill: a.'. ite,', 

wliOWT I’l 


(11) H f\pt>J. 

4 Ay III ; I’t:: lon oon ; ■>:, l.s',1 

l: 

^ U K>\'JS 

(1-) ti vxjits. 

HAytSr : I’t : : Hill line : 51 077 

.‘t 

ptS'JJJ 

(13) 0 expM. 

4 Ay Hi : K.l'tHr, :: itHini.i. : lUlHXt 

.. J’t 

/'ov...y 

(14) 6 i*\pts. 

'AA.'ltr : ls]l‘t lii, . ton imi : Hen in‘1 * 

J’t 

- ».v 

(10) tit'xpta. 

(Ill) 6 CXptH. 

I’l : ; IIKI IKIO* l.i HIH 

J't 

/v. w 

L '.c . J’L : Inn non : tin Is 2 

J't 

yjs-Mi 

(17) 0 oxpts. 

1 Ay ; K .I’tl!r, :*: Inn Dim : IJt is 

J‘i 


• (IS) PXptS. 

‘.’Ay : K .I’l lir |en 0 . in • a, l- 07 

dm 'inu'.ui-t ( AAori-lfUtmllr 

J’t 

- tys v * 

M9) fr^xpU. 

•?Ntl 1, 100 inn : 7 s 117 

'.v- v rjf (■ I’l 

/V.v/7/ 

(2<») f» cxpt«f. 

I'.Ay' l : I 1 ! . : 1 1" m)0 : .’H OIltl 

It 

->/V.v_70 

(2!) 0 t»xptK. 

fiAyCl : (N It,« O' ( i„ : : lon iKill , r, | i;:jt 

J’t 

m: */s 

(22) 5 

(’.Ay : l’t : : 100 (Hu) : tiO-IA!) 

J't 

- JW/.t 

(23) f>expt<?. 

f 'y : (Mf djPH '1, :: lOh Oliij ■/r,H l',i’t 

M * It 

• 

- /V5-.17/ 
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Aminnmu m llrom phi ti note 

(ifII (5;il,).l'f lir 6 : l't,:: 100:MM>: 37-882 wlicn.c l‘t 

(•_>.-,) O'N.J lir : I*. : : 100 (1(10 : |7-:i2i> „ l't I'K JIf 

(Ml) ;i cx|ils. li.\-lV:(.NH,).,l'llfr e :: UMl-fWO ; ("H1SI .. /'( - 

1 * 7 ) 3<-\|.l*. : pt : : l(l(i-(MW) ; .‘iO-lOO , „ /'/ /'oV_V 

(JX) :t • l.V; : :: 10 ‘MmMI : 100 810 /'( /'/.T-.V/ 

Tin- results ol Archibald thus furnish data for twentv-eighl ratios, 
from which i wonty-cijjhl values for the atomic weight of platinum max' 
he deduced. The extreme difference between these rallies is only 
<M).s:j on a high atomic weight, a very satisfactory result. It will he 
noticed that the l.wcnty-ciglrt ratios experimentally established arc 
theoretically not all different.. Thus. (0) should equal (13), (7) should 
equal (Iti). and (22) should equal (27) ; and it is seen at a glance that 
these equalities hold experimentally within the very small limit of 
experimental error. Further, ratios (2), (:!), and (20) yield the following 
closely .narceine values for the ratio l’t. Agl'-l, namely, l tititoti, t •;i(ig()si, 
and l-titilOt; ratios (11), (12). and (25) yield the followin'' con¬ 
cordant values for the ratio l’t 'Agllr. namely, 1 ■O.'iO.iti. l-OBOal, and 
1-03050; and ratios (li), (7), (15), (lti), (22). and (27) exhibit remarkable 
agreement in I heir values for the ratio l’t Ag. namely, 1 -fSOttiiO, 1-.SOP72. 
lsSOOliO, i-SOOtil. I -S0‘>51, and lsSO'.HK.V It is tlierefore justifiable to 
assume that the mean value for the atomic weight of platinum deduced 
from Archibald’s results represents a very close approximation to l(te 
true value. The arithmetic mean of the twenty-eight results is 
/’/ /.O e'.’.'.Y, I lie weighted mean, each result being weighted in pro¬ 

portion to the number of experiments made in fixing the ratio, is 
J’t - 'Fliminaling all ratios involving (he weights of the 

chlor-platinales, since the salts mav possible have contained traces of 
water, the arithmetic mean of the'values derived from the other ratios 
is 1‘t IUj-2‘I, and the weighted mean is l’t /.'hj-,22/. Thus the 
atomic weight of platinum' is most probably l’t IH'r22 with an 
uncertainly of two or three units in the second decimal place, the 
uncertainly loin;; partly due to the small errors of experiment, and 
parily to possible slight errors in the other atomic weights used in the 
ealeulal ions. 

In 11)12 Schultz 1 published live*analyses of ammonium ehlor- 
plalinale. giving’ as a mean result l't !!)/■■ J. These experiments are 
clearly id’ litfi'.* vahje. 

The International Uommittees table for 11)21 gives 


Pt 195'2. 

Uses.' 2 ,i^ Platinum-is use<l in four different fields, namely, for chemical, 
electrical, and dental purjrosts, and for jewellery. For chemical 
purposes platinum is required both as metal and in the form of salts. 
The metal is used in the manufacture of crucibles, pyrometers, and lbr 
such apparatus as is required to withstand corrosive chemicals or high 
temperatures. Its salts arc used in chemical analysis. 

Platinum salts arc useful in the production of certain photographic 
papers, which are of special value inasmuch as the photographic impres¬ 
sion yielded by them is of superior quhlitv and permanence. 

Considerable quantities of platinunl are used in preparing the 


* bVluilf Inaugural /h^mcrhitiou^ Krlanguri, 1912. 
i'nhrunuahl, J. J:id. /’/#»/. 1917, 9 , 590. 
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catalyst required for contact-process sulphuric arid works, j 4n 11115 
ahout f17*00 o/. of tin? metal were used for this purpose. tlv?Toss per 
ton of arid rarriny from a minut. amount up to (Hi i tfram. 1 . 

Considerable quantities of platinum are qniri'd for fleet lie:d 
urposi s. For exan pie. eleelrie furnaees use I hrly laryc amounts of 
platinum : and the natal is also employed in the lorm ot contact 
points. * 

It is estimated that ahout one-third of the total eonsiimption of 
platinum is in dentistry, or which purpose it is used as pins in teeth, 
as foil, plate, and l.llinir. Jewellery also absorbs an equal amount of 
plat intnn. 

Tin' U nWd'.v 1‘ni‘lin lion ‘<f .Yen' I’hiliiiiim in Ti. r Utintr .s - 


Country. 

inn. 

H'lt. 

HU 5. 

Huxsia (rru<l<*) *’ . . { 

250.000 

211.200 | 

12 1.000 

Canada (crude) . i 

.jo 

.-to j 

too 

\.S. Wales :ilu 1 I as | 


1 


mania t'erude) ' , i 

1.2 7a 

1.2 IS :i 


Colombia (crude) • ! 

1 ") ‘10(1 3 

17,500 3 

IS. 000 

C ,S. A .(domeslie. crude) 

»n:s 

57(1 

7 12 

C.S.A. (ivlincd from 




fore i " n dom• s 1 ie 




Inalt<■ aiw! laillii »n) . 

1.100 3 

2.005 

5 :t 

1 !iirneit, Smnalla. etc. 

•200 

i 

V 

V 



Platinum Substitute*. In consequence of the hiyli price anil 
ji-areilv of platinum numerous attempts have hern made to supply 
cheaper subslilulcs. 

Sueh.snlistanees must eouform to certain speeitiem ...ns to lie of any 
value, chief a mono w hich are : • * 

(1) 11 itrh mellintr-poiut. This is particularly imporlaut for n.anv 
eheinieal aim electrical purport 

(-_•} Incurrodibility. Alkalies and iciils should have I it ; I i 54 i! le 
effect .»? all tempera! tin aqd oxid..tion of the .substitute should not 
take place even on inrllinv' in air. . f 

(;i) Malleability. ductility, and hit'll tensile slrenelh are rssrid ■ il. 
Alloys of palladium and fold have is rently been ivrniiiiiirudrd as 
plat ilium substitutes under tiie names of rhotanium (see p. 1 '*•_») and 

jiilliin. \ 

As a substitute for platinum wit" in tie- usual flame tests in qualita¬ 
tive analysis Kopa '• recommends I he employment of small quart / rot’s, 
•> .3 ,,iin. in dianub *, as they dosiot melt, and only impart a v faint" 
colour to the llanc. Asbestos threads dipped in a solutic -i of orlho- 
phqsphoye aeid (t part acid. 2 parts w;*ter) and healed to redur , in a 
{lame have also been recommended for a similar purpose." 


1 77 , Mu„ ml 1 nlhiMry thifimj I!'If, vol. 25, p. -V.'S ; edited In’ lb Misti (Hill I'o Id i-|j irijr 

1017). * 

2 i hi , L% “,<42. K^Ninat**]. 4 Mnniy <»t*iniri«liiirn, 

i K'jpa, Cl'fin. '/.fit., I0K5, 37 . < ;, l- 
e Kirby, Cbm. Kl in, ioi, IT' 







280 cobalt nrkkl, axij elements of platinum croup 

As fijaibslilulr lor jjI.-iI fniirn TTmni'ics, nichrume, an alloy of nickel 
and rln'lnium (scp. I is rcconnncndcil, as this is very lw'si'stant to 
o.ydulioii al hioh%<-ni|M-lfiturc-s. 1 

Metallic lead is nsVI fur M-alinc vacuunidij'hl quartz "lass apparatus, 
such as calliodc-ray twin's and mercury lamps. 2 fl’he mellnxl is stated 
tu vii-ld liiylilv viTi.sfaelory r< si ill s, and is adopted by the Silica Syndicate 
hi ihe preparation of seienlitie apparatus. 


A1.1.0 VS 

.lliimiiiiiiiii. Platinum readily alloys with aluminium, and a definite 
compound. I’tAL, conlnininjr 70-4 percent, of platinum is formed, it 
is violet black in colour, and yields dendritic and octahedral crystals, 
ft occurs in increasing (pianlitics in the alloys containing from It) to 70 
per eiiil. of plalinnm. and may be isolated from them by treatment 
with f> per cent, hydrochloric acid, in which the compound is insoluble. 
Alloys containing less than 10 per cent, of plat inmn arc white, malleable, 
and soft, consist ino of aluminium and cut eel ic containin',’ 0 per cent, of 
platinum. Alioys containin'' from 10 to 70 per cent, of platinum are 
also white, hut hard and brittle; those with a platinum content of 
70 to 00 per cent, arc yellow and brillle, becoming white and malleable 
as Ihe platinum increased beyond 00 per cent. 2 . 

('till hi ill in. llv heatin',' platinum in hydrogen laden with cadmium 
vapour obtained from boiliny' metal, a while, crystalline, and very 
brillle compound, of formula Pil'd.,. is obtained.’ 

Cap/wr. Willi copper, platinum yields a scries of very tenacious 
alloys. Those containing over to per cent, of platinum are while. The 
frec/iiH'-pninl curve of Ihe alloys, containin'' from .‘id to 100 per cent, 
of copper, falls continuously to the melting-point of copper. The 
melaf. yield a continuous scries of mixed crystals.-’ 

(lolti. Platinum and poll! form a continuous series of mixed cryslals. 
id any rale up to (id per cent. of the former metal. The alloys nmtainini' 
oyer K) pi-r cut. of platinum are while." 

Jriihiwi is iisuallv alloyed with |dat itium in order to increase its 
hardness, alfhoiiph il reduces ils ductility. The presence-of iridium in 
platinum crucibles renders them subject to proportionately orealer 
losses on healin'' at temperatures above j)00 J Below this fimipera- 
lur'-, hovyever. and up to a content of at least ,’J per cent, of iridiufti the 
loss on licalinu' is ncj*lii*iblc. 7 

An alloy of platinum ;i ml iridium, containing 10 per rent, of the latter 
nelal, is attacked by boiling concentrated snip!.uric acid to the extent 
if 0*10 ifryin per,* m j.* dcm. per hour at .3 (m’ ('. On boilin'* the result- 
no solution with amnumhi the platinum is deposited as sponge, whilst 
:ne solution btromrs *pven, changin'' to deep violet upon addition of 
litric acid in consequence of the presence of iridiu^n *nlts. 8 
1 lk-imor ,. T . .Iwr. ('him. Soc., 1011, 33 , ISO. 0 

8 Knglish P.itout, lOlIi: Xu. 23,N.\4. Sami. iV. Chy* Soc., 1011 , 26 , 127; ('hem. 
Vorv, 1010, 102 , 100. • • • 

3 Ch<»uriguim\ Comfit. r*nd., 10*12, 155, Sro also lHiurk. Her., 1001. 34, 2733; 
'tamplu'll nml Matt-hows,«/. Aimr. I'hnn. Soc., 1002. 24, 2.1*5. s 
* Uodgkinson, Waring, and PoOmrough, C/u m. Snrs, 1 800. 80, 1S.%. 

5 DnoritU’krl, Zeitsch. anonj. Chtm., 1007, 54, .>33. See nIso Ih'hrav, Compt. rend., 
I8ST. 104, 1170. 

“ Ihvrinrkol, ZeiUrh. a. orn. Cb.m.. 1007. 54, ,‘>33. 

Burgoss and W ,ltonh«'ru, Hurmit Stonhnds, Washington, No, 2,s0, 101*5. 

• H iVlupino, Ompt. rend.. 1000, 142, 031. 
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Tin's y> per rent. alloy is recommended for (lie <;>ii'-trfnJlion of 
appural us ,usrd in tin- prrpnral inn of fluorine. 1 Vl^r s: m u • .alloy was 
< ipploveTt in Ihe mnmifaclmv of tin- prololvpe.n i rw ami flu- :;roih«ie 
rules.' \vl iii-11 iat ter arc four I net res in li nirlli. liir I! Vo,hlte Inlcrnalionalc 
s Poids cl Mi sim s. ami the Association (,eod, slip^e Internal innnlr. 
The i|< nsity of I his alloy is hip'll. namely, ahiflil 2P.>',' I 2<l ( .. which 
rein lei’s it useful for s' ; u n la i’ll ueiahls, part ieuiaiT v in u-w of its ineor* 
mdihility anti ptnvri of ^i 1 iiilT a liipli polish. 

For the mamifael me of slamiartl rules. Matthew reeoiuniemls an 
alloy eonlaininL' not less than S.T per cent. ^>1 platinum anil soon ij per 
eont. of iridium. For stamlanl weights tin same inn Tieator sus;<;rsts 
20 per cent, of iriilium. the remainder hi im; pi«t:nu,a. This latter 
allnv is. like the previous one. hot h malleable and dm t ile. anil has a 
density of 21-01. :| Alloys eonlauuni:' 2a per lent. "I iridium are more 
tli thou It to work into slice, and wire, whilst a I In vs with :!<) per vent. and 
10 per cent, iriilium can only he Worked al a •( eiuperat in e just heloxv 
the 111 e 11 in ip- point. When cold the last named allovs an hritlle. 

Alloys of platinum and iridium are sometimes used in deidislrv. 

hnn. See Part il of this Volume. 

I.iiul. Flat ilium rcadi’y alloys with lead, yieldin'.; three eompounds, 
iiiimeli. PI i,Pl. I’ll!’!, and one ^lie coin pi ,sil ion of which has not I ■■ , u 
determined. 1 The alloys pradi ally ineri-i.se in hardness with ri-c .if 
platinum eonlenl Irom t) to la per cent. Those eonluii.ui;; up to 
,-fO per lent, of plal.aum are readily fractured, and lie fresh surfe 
oxidise riadil-. in aii’. The i.u-t that pl.ilinum so re.* ly alh y with 
lead is made Use of in ass;, vine 1 lie metal, sinee it s allow call lie cupelled. 

Miii; i, i .-.in in unites with platinum 6 to w Id a er \ stalhm- rum pound. 
1‘iMl-.. .. . 

O.uniitin yields alloys with platinum charneli risi d hv h.-irdin>A and 
t a nsi^e si re net li. Tlii-s' are very resh ' a lit I ■. acid attack, and offer hi;;li 
electrical resistance. The alloys usually contain Irom ' up to It) per 
relit. of i^mium.' . . 

I'nliix.siiiiii readily unites with platinum on warniin'2- yTeldin^a hard 
lint lu'illiant alloy, which is attacked hy water.' . „ 

Sihir. Alloys of platimm# anil silter have received a. considerable 
amount of attention owinp tit I heir* importance in assay iu«r. No 
delinil e Vompound of the tyvo.Metals 1'ppi ars to lie formed.* 

j’lfre platinum is only S'ery sin .ly attacked hj imlrTia v^illi inn- 
eentraleil sulphuric acid, and whin its alley with silver sul. nfflid I;; 
similar treatment, the slur is more or less completely dissolved out. 
leavina the platinum .*-• a black nsiiliie. Complete r*'ii sal of I he 
silver, however, is o..ly effeelid whin the initial pit,pi itii?,i of tlial 

1 St**.* this Sori« ii, Vi.!. VHf. 

* Mat!hi v, Jlh Sts'., 1S70, 2ti, I 

•» tVsumably al n vmiiumpuratuio t f» to 20'(■.). Xu 1< uipmatun: in :nfi.tio»i‘<l 
hy Matt hi y. # * 

* ZflUch. aw/- 1007. 5^ .'Jo!!; I’mljih ami h-nko, 

l'hijt. Vhnn. H’or., IHI, 41 , 2.4. 

i l-\,r earlier work on tlmjilinvs of platinum ami lrml JJam.r. /Ur., 1870. 3 > V*Ut; 
1X71, 4, 4 : # I>'viJIey*Kl Di hray. A *>■. ^him . /*/#v v - l s '*0. fiiil. .’»x.7; f.’oM/*/. rtntl., 

ISSO. 90, 110.7; Ttrvilif', ihvl., ^S07. 64, 1 «£♦■>. 0 

« IfotJ^kinson, Waring, ami Im.»l*iVoii;.jj. (,'htu. 8o,Js.“». 

7 !•'. Zinumrrmmn,./. Soc. (. Knn. Tint., f0l4, 32, 1072 ; fr>.m I out*. Annr. /■'!•' fror/uni. 
Sot. 

* V. M' \f r. /Ur.. li*S0. 13, 4o2. # • 

* Doorinekol, anonf. 1007, 54, .‘l.Tl. 



metal the alloy is some 90 per cfift. or more. With smalle»t£uant]ties 
of silver* some left behind in the platinum residue. Shis is well 
illustrated by then avowing data obtained by Thompson and Miller J : 


Percentage Composition ol Alloy. 

_ _e_ 

» 

Silver in residue 
(per cent.). 

Platinum. * 

Stiver. 

10-39 

' 89-01 

Trace 

20-59 

79-41 

0-59 

31-40 

08-54 

0-98 

37-89 

02-11 

2-24 

57-05 

• 

42-95 

2-70 


A portion of the platinum tends to pass into solution with the 
silver, but by slightly diluting the sulphuric acid this may be prevented. 
According to Steimnann 2 the most satisfactory results are obtained 
with a dilution of 100 volumes of acid to 22 volumes of water, the 
alloy being heated in this mixture, twice repeated, at about 210° C.. 

Although platinum is not attacked by nitric acid, yet it dissolves 
slightly when its alloys with silver are so treated, yielding a colloidal 
solution which js dark brown in colour. This is particularly the case 
with alloys containing about 20 per cent, of platinum. On standing 
for several days the platinum flocculates, and deposits as a black 
powder in a high state of subdivision, the solution becoming decolorised. 

According to Spiller, 8 hitric a8id of density 1-42 will dissolve 0-75 
to 1-25 per cent, of platinum from its alloy with 12 times its weight 
of silver, whilst a more concentrated acid leads to the separation of 
platinum black. A less concentrated acid dissolves less platjnum. 

The Yolhwmg data, taken from the results of Thompson and 
MHIer,' are .interesting in that they show how imperfect is the separation 
of platinum from silver when alloys of the two metals are attacked by 
nitric acid of density 1*10 : < 


Cc^npofliflfem of 41loy. 

Percentage. 1 

- 

Composition ol Besiduo from 
100 parts of Alloy. 

• 

r 

» 

Disaol ed 
Platinum 
from 100 parte 
of Alloy. 

Platinum. * 

■ €* 

Silver, 

c 

. Platinum. 

* 81 Wer. 

10-39 

, 80*61 

1 

8*59 

0-27 

0-80 

20-59 

79-41 

0-f7 

>8l ■ 

18-82 

81-4ff 

0&-54 

24-50 . 

12 -oS 

6-96 

87-89 

6211 

* 85-49 

*18-04 

e 2-44 

• 57-05 

42-95 ‘ 

52-97 

ol2-19 

4-08 > 

.■ 


# 

L, *• . 



* 


, * Thompson and Miller, J . Amtr. Chem. sSee.t 1908, 28 , 1115. See aleo Carmioha*$ 
So*. Ohtm. In*:, 1003, at, 1325. * : * ; „ . 

* Steimnann,*9cAtt*«? IPoeA. v4*». Pharm., 1911, 49 , 441, 453, 

* Spiller, ProtAChtm. Soe„ 189T 38 ,'118, 

* Thompson and MiUor, loe.etl. ; 



Morq lecently somewhat similar results nave ocen oDtaigpq 135 
Koifman # l «working with alloys containing from 0-2l9,to 51G2,per ceSn 
of.platinum. " •’ 

Sdenic acid dissolves out. the silver from platinum alloys, leaving s 
ifsidue of undissolvctf platinum.* 

Alloys of silver and platinum are used by jewellers anti uy English 
dentists under the name of denial alloy, in the form of wire ami shcetl 
Two qualities of these u#e recognised, the compositions of which vary 
somewhat with the makers, but approximate to the following : 

Silver.* Platinum. 

First quality . . . 00 ^. 88 

Second quality . . .75 *. 25 


These alloys are more durable and more resistant to corrosion than 
silver. 

Platinum occurs in the following alloys usetl in the preparation ol 
dental amalgams 4 : 


Name. 

Tin. 

Silver. 

Gold. 

1 

I’lntlnuro. 

- v 

• 

Fletcher’s jierfeeted standard alloy . 
S. S. White’s globe. 

Welch’s gold and platinum alloy : 

02-30 

80-30 

5-80 

1-00 

58-30 

44-74 

1-50 

0-40 

(1) Old. 

5400 

44-00 

1-30 

0 70 

(2) New. 

51-00 

40-00. 

1-70 

0-40 ■ 


» 


Sodium and platinum alloy when brought together at a ltigl 
temperature or pressure. 6 • 

Thallium .—Platinum alloys with thallium, yielding a compound 
PtTl, which resembles, at any rate in its physical properties,‘the com 
pound PtPb. The alloy is conveniently formed by throwing pfcititymr 
sponge upon the surface of fused thallium. The eoinpound*yieIds sted 
grey, prismatic needles, and is*e*tractec^ by treating an alloy containing 
less thatf 10 per cent, of platinum wjfh dilute nitric acid. Its densit) 
is 15-05 at 14° C.; hardness* 8; melting-point 085° C.j and specific 
heat 0-0450. When subjected to continued heating abpve its*meHing- 
point, a little thallium is lost, but pure platinum is 110 V obtained eVflM 
on prolonged fusion ia the oxyhydrogen flame. When boiled witt 
aqua regia, thalbqm’ '-hlor-pjatinate is obtained ts ap insoluble com- 

^Insoluble in hydrochloric acid.'tlfb alloy is only superficially attacked 
by sulphuric or nitrieacid, and by fusion with potassium hydrin suit 
phn+g It readily dissolves in molten zinc, lead, or silver, and amalgamates 

with mercury.* • * , , # * . . 'it 

• Tf n .-^Platinum readily alloys with tm.Tfce complicated frcezmg-goinl 


« Koifma% Artk. gti. phyt. nat., 1913, [tv], 40,309. 
* Hradecky. Uonatth., 191#, 36,2S». 



(Orarehill, 1H10), p. 149. 

and tiack, Zejftch. PUktroehem^ 
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curvcjfot Pt-Sn is indicative of Me formation of several csnjpounds, 1 
namely,,PI,,Sn, which is only stable below 1370° C. and decomposes 
above that temperature* into crystals of platinum and a fused mixture 
containing 80 per e'ent. of platinum; Pt-Sn; Pt 2 Sn 3 , and possibly a 
polymorphous form <of this alloy; and a foifrth compound PtS?l 4 
“(Podkopceff) orTtgSrig (Doerinckel). f m 

• The alloys containing tip to 30 per cent, of platinum are scarcely 
any harder than their constituents ; above ^0 pen cent, the hardness 
rapidly increases with the platinum, reaching a maximum with 80 per 
cent, of that metal. , 

The tetrustannide, PtSn 4 , was first isolated by Deville and Debray 3 
by treating an allvy containing 2 per ecijt. of platinum with dilute 
hydrochloric acid. It remained behind as brilliant, insoluble lamella;. 

The sesquistannide, Pt,Sn 3 , was described by SchUtzenberger 8 in 
1884. The existence of a compound of formula Pt 4 Sn 3 has also been 
assumed, 4 but this is not supported by an examination of the freezing- 
point curve. 

'Aim. —When platinum is heated in hydrogen laden with zinc 
vapour from the boiling metal, the compound PtZn, is formed. Another 
compound, PtZn, has also been obtained. 6 

Platiftum Amalgam is obtained by trituration of platinum sponge 
with mercury in a warm mortar ; it cannot be obtained by direct unitm 
of platinum foil and mercury. 

The amalgam has a silvery appearance, and with 12 per cent, of 
platinum is soft and greasy to the touch, but higher percentages 
of platinum increase its stiffness. When heated strongly the mercury 
is volatilised aifd platinum remains as a grey residue. 

When shaken with water for some fifteen seconds, platinum amalgam 
is converted into an emulsion of Imtter-likc consistency, and having a 
volume some live times that of the original amalgam. It is ^piitc 
stable between 100° C. and* — 80° C. in air, but in vacuo it diminishes 
somewhat in volume, a little water and gas being liberated. When 
cooled to —*80°*C. its appearance under the microscope is cellular, 
\ytltcr being disseminated throughout the interstices of the amalgam. 

Platinum amalgam emulsifies in a similar manner when shaken with 
dilute sulphuric acid; with aqueous tftnmonia, ammonium elijoride, or 
sodium chloride*; and in eontactrwith several organic solvents; such as 
alcohol,.acctswe, cif. e * 

Microscopic examination proves that an amalgam is formed during 
The simultaneous reduction of platinum and mercury from aqueous 
solutions of their sajts. 7 

PLATINUM ATND FLUORINE 

Platinum unites with fluorine whin heated wjtl/it, but attempts to 
prepare, flftoritjes of platinum without• employing elementary fluorine 

* Doerinokcl, Zeiluch. anorg. CJ/tm,, 1907, 54 , 333 ; Podkopieff, J. Iitua?Phyt. Vhem. 

Soe„* 1908, 40 , 249. ^ • 

* JDovillo and Delgny, Compt. rend., 1837, > 104 , 1470 % 1577. 

s Sohlltaonberger, Hid., 1884, 98 , 985. 

* Lew and Bourgeois, ibid., 1882, 94 , 1388. < 

* Hoagkinson, Waring, and Desborough, Vhem. Htw», 1899, 8 o, 185. 

* Moissan, Contpi. rencK, 1907, 144 , 593; Lebeau, ibid., p. 843. 

7 Tarugi, Gazietta, 1903, 33 , ii, ijfl. * 
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We intjvmo proved abortive.*’ FcH'xampic, fusion of tl.e mf-tjjl with 
pm assiutn Jiydrogcn fluorine, or heating of t he chloride in an utjnosphcre 
of, anhydrous hydrogen fluoride, leads to rg> rcsint . 1 A substance 
consisting very probably of: * 

• Platinum Difluolale, Platinous Fluoride, P*F 4 , tjas obtained by 
Moissan 3 together with the telralluoride by heating platinum wire to 
500° or 600° C. in a current\>f fluorine. The telralluoride is soluble irf 
water, but the d i (1 uo-idremains attached to tluf surface of the metal 
as a yellowish green layer, .nsoluble in water. Upon ignition it decom¬ 
poses into fluorine and platinum. 

Platinum Tetrafluoride, Platinic Fluorine, PtF 4 , obtained by passage 
of fluorine over platinum wire heated to 500 or coy" t., • .mtnfhcd in a 
thick platinum or fluorspa? tube , 3 is deep red when fused, but* yields 
yellow crystals. These are very hygroscopic, and dissolve in water 
with considerable heat evolution. 

The aqueous solution of this salt is fawn-coloured and unstable, readily 
decomposing into hydrofluoric acid and a hydrated oxide of platinum. 

At red heat platinic fluoride dissociates, evolving fluorine, a residue 
of crystalline platinum remaining. 

• 

. PLATINUM*AND CHLORINE 

Evidence has been obtained 4 of the existence of Platinum Mono- 
chloride, PtCl, which is stable as a yellowish green substance belwcis. 
581° and 583° C. 

Platinum Dichloride, PtCl 2 .—This salt, also kno\v> as Platinous 

Chloride, may be prepared by evaporating a solution of the tetrachloride 
to dryness and heating the residue, t* about«}('()” or 350' C. under con¬ 
stant stirring . 5 Any unchanged platinic acid is removed by washing 
with Crater. . 

Platinum dichloride also results, mixed with a little tetrachloride, 
when platinum sponge or, better, platinum black, obtaijutljiy reduction 
of ammonium chlor-platinate by hydrogen gas at 100 ° C., is hcfitcu^in 
chlorine to 860° C . 6 It is obtained in a more pure condition by heating 
chlor-platinous acid, II 2 PtCl 4 , # o% the hydrated acid chloride, namely, 
triehlor-rtiatinous acid, PtClj.HCl.UHjPorHjPtCI^OIIJfljO, to 100 °C. T 

Platinum dichloridc is a gfccnish grey or bi'own powder, its colour 
varying according to the method of preparation. Iitsoluflfe in Ant or, jt 
dissolves in hydrochloric acid to yield a solution of chlor p<atim>us acidp 
II 2 PtCl 4 , and in aqua regia to chlor-platinic acid, H t PtC) a . Caustic 
alkalies decompose it, yielding a black deposit ofahydrated platinous 
oxide. With ammonia, complex ammino derivatives arc formed . 8 

Tetrachlor-platinous Acid, H*Pt(*l 4 , has not, been isolated in a pur* 
state, but. exists ip solution wliqp platinous chloride is dissolv 'd in 
hydrochloric acid, anfl when chlor-platinie acid is reduced jjy sulphur 
dioxide, the yellow solu\jon becoming retain eoloiit. 

1 Huff and hia co-workera, Her., 1813, 46 , 820. 

1 Moisaan.Mnn. Chim. Phyr., 1881, [vij, 24 , 282. 

* Mdiaaan, Com pi. raid » 1888, 109 , 807. a 

* L. Wohler and Btrolcher, Her., 1913, 46 , 1691. 

* Berzeliua, Schweifger'^ J., 1813, 7 , 55. 

* Pigeon, Ann, C'fiim. Phy»., 1894, [vii], 2 , 433 

» Nilaon, J. prakl. Cktm.. 1877, [iijf IS, 20A 

* Bee thia Series, Vol. 3y, 
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In Jilute solution the pure acift*results on decomposing tin; bariiyn 
or silver «alt with the requisite amount of sulphuric or hydrochloric 
acid. The solution ganitot be concentrated, however, withouf decom¬ 
position, hydrogen chloride being evolved. When evaporated in vacuo, 
a residue of hy<limited heid dichloride or trichlor-ht'droxy-platinous aeB 
is left, namely, PtCI s .IIC1.2lI a O or HjPtCl^OII).II 2 0. If the evapora¬ 
tion is continued at 100° C. platinous chloride results. 


Tetrachlor-platinites, M a PtCl 4 

Salts of tetrnchlor-platiifous acid are known as tetrachlor-platinites, 
xml have the general formula M a PtCl 4 . 

They are both stable and well known. ♦-They may be prepared in 
x variety of ways, chief amongst which are : 

(1) Addition of chlor-platinous acid or a solution of platinous 
chloride to a metallic .carbonate or chloride. 1 For this purpose tTxe 
shlor-platinous acid is best made by dissolving platinous chloride in 
hydrochloric acid. This ensures the freedom of the final product from 
the metallic chlor-platinate. A less troublesome method is to reduce 
shlor-platinic acid with sulphur dioxide if a pure product is not required, 
but this «is not easy to carry out satisfactorily otherwise. If, for 
example, reduction of the chlor-platfnic acid is not complete, tjie 
metallic platinitc will be contaminated with platinate. If, on the other 
hand, excess of sulphur dioxide is present, the metallic chlor-plntinite 
becomes contaminated with sulphite derivatives. 

(2) Probably the most convenient method of preparing metallic 
chlor-platinitcs consists in reducing the corresponding chlor-platinatcs. 
This may lie effected with potassium oxalate in concentrated aqueous 
solution at the boiling-point, and* containing a trace of iridium, 2 the 
reaction proceeding according to the equation : 

Mji’tl I, + Kjl'P, e* Md’tt'h + 2KC1 + 2(O a . 

Ilydrager; Sulphide,* cuprous chloride, 4 and the last naified along 
witfi powdered /.inc, ft have been used as reducing agents, but are open 
te several ertijections. 

(3) Double decomposition of mctijJliS sulphates and barium ehlor- 

platinitc. ThtLg: * 

m MjS0 4 4- BaPtCl* =- HaS*0 4 + M 2 PtCl 4 . 

The clear solution containing the soluble chlor-platinite is dechnted 
St filtered free from the insoluble, barium sulphate, and concentrated. 

The chlor-platinitcs arc mostly soluble salt's yielding red solutions 
readily dittingukheft from solutions of the chlor-pjatinates, which are 
yellow. The silver, load, ’niercujy, and thallium salts are almost 
insoluble in water. • 

Chlor-platinit.es are oxidised by chlorine amV by hypochlorites to 
chlor-plati».ates, whilst nascent hydrogen reduces* them in aqueous 
solution with separation of metallic platinum. • , 

IVhen their solutions are warmed and a current of hydrogen sulphide 

> Nilsoa, J. pmkltChtm., 1817, [ii], 15 ,26«. , 

* Vcze% Bull. Sue. eMm., 1898, [hi], 19 , 879; Zappi, Anal. iw. Quim. Argentina, 

1918, 3 , 188j Kiwgm, Btr., 1904, 37 , 1300. . - 

1 Bottgor, J. prall. Ckem., 1864, | i], 9 », 251. 

* Thomsen, ibid,, 18777 [ii], 15 ] 298. 

1 Grogor, ZtiUcft. angew. Clem.,,1897; 10 ^ 182. 



is passed through, platinous sulphiifilli obtained as a black pri-fiftitafe; 
wmlst sulphur dioxide under like conditions effects their dceolyrisation, 
plqtinosutphitcs being produced. With ammopin nmmino derivatives 
arc obtained. 

0 Ammonium TetrachIor>platinite, (NH 4 ),PtClj, crystallises in long, 
red, orthorhombic prisms, which are soluble in water. 

* Potassium Tetrachlor-plaVinite, K.PlC’l 4> is obtained technically 1 Jjy 
passing sulphur dioxide iijto a solution of ehlor-plafinic acid, maintained 
at about 100° C., until a sample yields no precipitate with ammonium 
chloride. This indicates that reduction is complete. A hot solution 
of twice the calculated quantity of potassium chloride is added, and 
the chlor-platinitc allowed to crystallise out. It is ^ashe.l with alcohol 
and dried in the absence of light. 2 

Although a solution of pure potassium lu xachlor-platinatc, K 2 PtC’l a , 
is siot reduced by boiling with potassium oxalate, reduction readily 
takes place if a trace of iridium in solution is added.* In the presence 
of much iridium the reaction may even become violent. 

The density of potassium tetrachlor-platinite is 3-805G at 20:i° l'., 
and 8-2909 at 21 J C., 4 whilst its heat of formation is 6 : 

[Ptl + (C) 2 ) + ‘4Kt'l| =- IK.Pti y -1-45-17 Cals. 

* The following tetrachlor-pIatHiitcs have also been prepared ; 

Barium ; 5 HnPtCI 4 .3II 2 0 ; 

Cwsium , 7 - 8 l's,Plt'l 4 ; 

Calcium, 7 (,'aPt('l 4 .811,0 ; 

Cerium, 7 2C'e(’l 3 .4Ptt'l...21!!.,() ; 

Cnbult, 7 CoPtn 4 .(iII 2 <)‘; 

Copper, 7 CuPtC'lj.tilLO; 

Gluciuum, 7 G1PU1,.511,0 ; 

Iron (ferrous), 7 l*’ePtt'l. I .7lI..O; 

Lead* PbPtCI.,; 

Lithium, 7 Li 2 Pt(’l 4 .41I 2 (); 

Magnesium, 7 MgPtt'l.j.lilLO; 

Manganese 7 MnPt('l 4 .Gll 2 (); 

Nickel,' 1 NiPtCl 4 .6lJ. 2 0 ,• “ 

Ityidium, 7 * Rb 2 PtC l 4 ; * 

SMium, 7 Na 2 PtCl,j.41I 2 S; 

* Strontium , 7 SrPtCl,.GlI 2 0 ; 

Thallium* TLPtCl,; 

Zinc, 7 ZnPt(’l 4 .C]l 2 0; and 

Z.ircomjl, 7 (ZrO)PtCi 4 . 

T richlor-hydroxy-platinous Acid, IfjVi('l ; ,(,0II).— r i'lie hydrate, of 
this acid, namely, II 2 Ptt'l 2 (0H).lI 2 O, is obta.inc4 as a reddish browrf; 

• 

1 For other ruetluxi^w# Carey Lea, .finer. J. Set., ISII4, fiiij, 48 , .‘{97; Thomsen* 
J. prakt. Chem 1877, | *J, 15 , 293; Maunu*, Poyy. AnnuUn , 182M, 14 , 239* 

* Klason, Her., 1004, 37 , tfOo. , * * 

••Hla«on,%r. cit. Compare Vises, Bull, Hoc. chin/., 1808, piij, 19 , 870; Zappi , Aim 

Pie. Qmm. Argentina, J915. 186. * * 

* Clarke, -i/tier. J.jjfi., 1878, [iii], 16 , * 8 H 1 . 

* Thomsen, loc.fil.. p. 430 • 

* Lang, J prakt. Chem., 18B2, 86 , 4 20, 

7 Nikon, J. prakt. Chem., 1877, pT], 15 * 260; Bull. Hoc. chim., 1877, [ii], 210. 

8 Bottger, J. prakt. Chem., 1804, [i], 91 , 251. 

y 9 Cxooke®- £hk*m.. 1884. o. 37. 



2SS' .’•'’CoB^LiS ntckijl, ajj|» of Pmtiotm” group 

deliquescent mass on evaporatii an aqueous solution 6f_tctrac7ilor 
platinflus acid in vacuo over sulphuric acid and potash. 1 ' 2 

. It diSsolvcs A water, yielding a reddish brown solution* with an 
acid reaction. Heated to 100° C. it loses water and hydrogen eliionde, 
yielding a residue of platinum dichloride. 

Silver Trichfor-hydroxy-platinite, Ag 2 PtCl.,(6lI), is obtained 2 as a 
brown precipitate on adding a saturated'solution of silver acetate to 
one of triehlor-hydroxy-platinous acid in the cold. 

Lead Trichlor*hydroxy*platinite, PbPtClJOII), is obtained 2 in a 
similar manner to the preceding salt. It is somewhat darker in colour. 

Dichlor>dihydroxy>platinous Acid, ILPtCl,(OII) 4 . — Evidence that 
this acid can exist js not. altogether wanting. 2 ” A silver salt, having a 
composition closely corresponding to the formula Ag 2 PtCl 2 (01 [) 2 has 
been obtained. 2 

Platinum Trichloride, PtCl 3 , results 3 when platinum tetrachloride 
is heated to •'100° C. in ji current of pure, dry chlorine for several hours. 

It is a greenish black powder, slightly'soluble in cold water, but 
rapidly dissolved by the boiling liquid, yielding a reddish brown acid 
solution which is possibly tricMor-dihydnmj-platumus acid, II„PtCl 3 (OII),, 
analogous to the telraehlor-dihydroxy-platinie acid, IljPt('l 4 (OII)j, 
obtained* when the tetrachloride is dissolved in water (sec p. •_'«!>)! 
Prolonged boiling with water causes partial hydrolysis, an oxychloride 
and free hydrochloric acid resulting. 

The trichloride is almost insoluble in concentrated hydrochloric 
acid at. room temperature, but on wanning the two, decomposition 
takes place, the di-and tetra-chlorides of platinum resulting. 

Pentachlor-platinous Acid has not as yet been isolated in a free 
state although its presence has been detected in solution 4 when chlorine 
is passed inti) a solution ol* tetraclflor-platinous acid, since it yields with 
ea’sium chloride the characteristic green precipitate of ctrsium penta- 
chlor-platinitc, Cs,PtC'l 6 , which is the only salt of this acid at ])resent 
known. 

Caesi&m Pentachlor-platinite, Cs 2 Pt('l 5 , is obtained 4 when chlorine 
is .passt-d into a cold solution of cicsium tetraehlor-platinite, Cs..Pt( l 4 ; 
it also results when hydrated platimyn sesquioxide is dissolved in 
hydrochloric acid containing ciysium diloridc. It is a green, crystalline 
insoluble salt.. When warmed*with jvatcr it. rcadilv decomposes, 
yielding the 4't.raehlor-platinitc. Exposure to sunlight likewise accele¬ 
rates it# decomposition. 

# Platinum Tetrachloride, Platinic Chloride, PtCI 4 .—This salt was 
first prepared, in a hydrated form by Norton, 5 «who, however, failed to 
isolate tlyp anhydrous salt. This latter may be obtained bv heating 
partially dehydrated chlor-platimc acid in a current of chlorine at 
d(50° C.* The possibility of preparing it in this wav lias been disputed, 7 
but Gutbicr, fvho carried out a nvmber of experiments with ehlor- 
platiuie arid under n variety of conditions, was able- to prepare the salt 
quite easily. In the’neighboHrhood of W C. the crystals mpit in,their 

* Nikon, J. prakt. Chtm., 1877, [iij, 15 , 260. 

* Miolati aud Pendim, Zcilsch. nmrg. Chmi., 1003, 33 , 264. 

* L. Wohler anil Martin, Her., 1909, 42 , 3958. * 

* L. Whirr and Martin, loc. cil„ j>. 4100. 

1 Norton, J. pAikl. Chan., 1870, 2 , 469. 

* Pigeon, A('him .*"%«., lJ94,lviij, 2,433) Compl.rtnii., 1890, 110 ,77,112,1218 

’ Rosenheim aiy) Locweuetamm^&iacA. anorg. Chtm., 1903, 37 , 894. 
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cmribincd # water; a little later thfchwnler'boils off and the* rtiixtui 
thV'kens 1 ! 0 The final stages of the reaction are carried out witlTa slo 
rise of ttf nperature. 

Oae method consisted in suspending ammoniifm chlor-platinate i 
arsmall quantity of wister, and decomposing it by the passage of chloric 
gas.' In order to avoid the formation of explosive nitrogen cldorid 
tlie reaction should be earrfbd out at. 100° C. ! The product, natne^j 
chlor-plalinic acid jn solution, is evaporated to dryness in vacuo, an 
heated in dry chlorine at ilSO® to 800° C„ care being taken not to cxeee 
this latter temperature. The mass foams somewhat, on account of th 
liberation of water and hydrogen chloride,’and is gradually oonvertei 
into the tetrachloride. 2 , 

Gutbier, however, recommends heating ehlor-platinic acid in : 
current of dry chlorine to a temperature not exceeding 800° C. in ui 
apparatus containing diphenylamine. 

Platinum tetrachloride is also obtained bw heating eldor-platinii 
acid to 105° C. in a current of hydrogen chloride for fifteen hours. 3 

Platinum tetrachloride is not formed bv merely healing chlor 
platinic acid in air, because it decomposes before the whole of th< 
hydrogen chloride is e'iminated, yielding the dieldoride. 4 Whci 
heated to 370° C. in an atmosphere of chlorine it begins to dissociate r ' 

Ptt’l 4 ^ PtCI. + Cl,. 

Platinum tetrachloride is reddish brown in colour, somewhat hygro¬ 
scopic, and moderately soluble in warm water with evolution of heat 
(see below). It is but slightly soluble in alcohol, but easily soluble in 
acetone/' 

When exposed to the air, water is absorbed and the salt assumes a 
bright yellow colour, yielding a compound of composition represented 
by the formula II 2 PtCl 4 .0.-tll 2 0. Its aqueous solution is stable, 
admitting even of distillation without decomposition, and has an acid 
reaction, decomposing carbonates with evolution of t.irjam dioxide. 
It is usually regarded as containing telrachlor-dihi/dro.i'uplalinw acid, 2 
lI 4 PtCI 4 (OII) 2 or PtCl‘ 4 .2TIjO, and this receives support from the fact 
that upon electrolysis of the*solution it is found that platinum is 
‘containedin the complex anion." 

Plalirtum tetrachloride is “reduced in solution by iodine at the 
ordinary temperature to the dichloride : 

PtCI, -|- I, PtCI, j 2lCl. a 

This reaction is maue the basis pf a volumetric method tor estimating 
platinum (sec p. 841). 

1 Pigeon, loc. cil. 

1 Gutbier and l{e\nr'ch~ Zeiltch. a nonj. Chan., 1913, 8l, 378. 

* Pullinger, Tram. Chtm. Soc., 189S, 6 l, 422. ’ 

'gfce Pigann, loc. cil. ; Weber, Pogg. Annalen, ft(37. 131 , 4-43. 

‘ L. Wohler and Strciebcr. Ber„ 1913, 46 , 1591. • 

• Rosenheim and Loewenstamni, b>r, cil. 

’ Kohlriuisfli, Wiaf. Aunnle*. 1897. 63 * 423 . 

' * Hittorf and Salkowski, ibid., lffisfc 28 , 54(3; Oit ten Ik rger and inetz, Jinn. Phyt. 

Chtm., 1899, [iij. 68, 833; Kohlrauscfc, Xcitsch. physilal. Chtm-., 1901* 33 , fSI ; Miolati, i 
Zkihch. anory. Chtm., 1900, 22 , 445. 

,y * Gram" la7J * ,, ‘ >1 



Thqjlcat of formation r of plafifium tetrachloride is : 


:i't] + 2(CL) = [PtCl 4 ] + 501. Cals., 
and its heat of solution in water is : 

[litCI.,!'-| Aq. ■ PU'l 4 .Aq. -[- 19-38 Cals. 


When dry, platinum tetrachloride is fcduccd to the metal by 
current of hydrogen‘even below 80'’ C. 2 Its solution is reduced by 
powdered cobalt,; with precipitation of metallic platinum. Thus 1 : 

Pt(’l 4 .Aq. + 2[.Co] [Ptj -f 2CoCl,.Aq. -|-109-98 Cals. 


Hydrates of Platinum Tetrachloride.--Platinie chloride combines 
with water to yield a series of hydrates. The octahydrale, PtCl 4 .8lI 2 0, 
crystallises from aqueous solutions of the salt in the form of red needles. 3 

The pentahydrate, PtCJ 4 .5lI 4 0, was first obtained by Norton 4 npd 
studied by Jorgensen.® , It results on decomposing silver chlor platinate 
with boiling water, filtering off the silver chloride and crystallising over 
sulphuric acid. It crystallises in apparently monoclinic prisms, red in 
colour. When dissolved in water and the solution evaporated, the 
octahydrate separates out. Heated to 100° C. the pentahydrate loses 
-t molecuR-s of water, being converted into the monohydrate (see la-low). 

The telrahydrate, PtCl 4 . tlI i O, is the stable form at the ordinary 
temperature. It. is obtained by allowing higher hydrates to ellloresce 
in dry air, 1 or by dissolving platinum hydroxide in a solid ion of ehlor- 
platinie acid, apd concentrating to crystallisation. 6 The crystals arc 
deliquescent,, and, upon warming to 50° C. in a current of dry hydrogen 
chloride, yield ehlor-platinic, acid. 

The dihydrate, PtCl 4 .2H £ 0 or II,PlCl 4 (OII)j, has not been isolated 
in the pure state. It exists in solution when platinum tetrachloride is 
dissolved in water, and is described under the name of tctrachlor- 
dihydroxy-platinic at-id (scisp. 296). 

The monohydrate , PtCl 4 .II 2 0, results when the pentahydrate 4 or 
the tetriftmfc-utcJ is heated to 100° C. When heated to 860° C. it 
leaves h residue of dichloride. , 

. " Hexachlor-platinic Acid, II 2 PtCl 6 , is obtained in solution when 
platinum tetrachloride is dissolved in aqueous hydrochloric, acid. 

The usual method of preparing it consists in dissolving platinum in 
'aqua reaia. . .. 

The. metal may 1 ,'however, contain iridium which, although insoluble 
tu aqua regia when by itself, yet dissolves when alloyed with platinum. 
The metal is therefore attacked by aqua regia on the water-bath, 
and the eoneentrati'd solution diluted, rendered alkaline with sodium 
carbonate, and reduced with formate. After warming, the precipitated 
fhctals are dried and ignited in a crucible whereby the iridium is rendered 
insoluble in aqha regia. Treatment. ..with this latte; reagent effects the 
solution of the platinum. To remove all nitrous compounds the, 
-solution is rcpintedly cvaporated and taken upoigain with concentrated 

*■ Pigeon, Alin. Chim. 1'hys., 1894, [vii], 2, 433. 

* Phillips, Amtr. ahem. ./., 1894. t6, 255. 

s BUmch- 1 , Ann.-t!him. I’hys., 1905, Lviiil, 6 , 81. A conling to l'igcdu (Ann. Chim*. 
PAi/.s., 189*41, [vii], 2 , 433) this is this heptohydrate PlCb .711,0. 

* Morton, J. f>MH. Chem., 1870, 2 , 469. 

* Jorgenson, iljid., 187-7, 16 , 3 <* 6 . 

* fiugcl, Bull. £hx. c him.. 1888, til], 33 , 100. 
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eiilor-pTatmic acid by saturating with chlorine in the warm. ^ 
Platinum scrap is conveniently worked up intft ehlor-platinie m 
by alloy ini; with zinc under a layer of l>orax. The melt is treated w’i 
hydrochloric acid, which removes most of thzinc*, and the lint 
divided platinum is dissolved in aqua regia. • 

The solution thus obtained is contaminated with n little zinc. It 
therefore treated either with a rod of pure zinc which precipitates^ 
platinum, or with hydrogen sulphide whereby the sulphide is preei] 
tated and ignited. In both cases the resulting metal is dissolved 
aqua regia, repeatedly evaporated with hydrochloric acid, excess 
acid being finally removed by evaporation and the residue taken 
with water . 1 

Platinum sponge is soluble in concentrated hydrochloric at 
saturated with chlorine 2 : platinum black, if it has not been ignite 
dissolves in concentrated hydrochloric acid in the presence of hydrog 
peroxide 3 ; whilst: compact platinum passes into solution when treat 
with a mixture of chloric acid and concentrated hydrochloric acid . 4 

In each of these cases a solution of ehlor-platinie acid is obtain 
entirely free from nitrogen compounds, and in a high state of puri 
if the original metal consisted of pure platinum. 

The acid may also he obtained electrolytically 3 by passing an eleeti 
current through concentrated hydrochloric acid containing preeipitat 
platinum in a line state of subdivision, using platinum foil as clet-t roi!< 
The anodic chlorine attacks the finely divided metal, v tiling the f ti 
chloride, which dissolves in the liquid to form the acid. The lint 
divided metal is conveniently prepared for this purpose !>y preeipitatii 
with metallic zinc from a solution of a platinum salt. On concentratii 
the solution to obtain the pure chloi-pkvtmie acid it is advisable 
introduce a small quantity of chlorine to ensure the absence of platino 
compounds. 

On igineentrating the solution, ehlor-platinie acid trystallisos out 
the form of reddish brown needles containing 0 nioie<*ules of wall 
thus: Ir,PH:l 0 .(SlI 2 O . 8 The crystals arc deliquescent, soluble in wnti 
alcohol, and ether; density J 2*431. 

Equivalent solutions of ehlor-platinie aeid and its sodium si 
exhibit the same absorption # spectri"ii . 8 It is reasonable, tin ufore, 
assume that similar negative ions exist in both solutions. If t 
formula Na 2 Pt.Cl 8 be accepted for the sodium salt?thid of tig; free uc 
is IljPttilg, and not 2 IICI.IHCI 4 . * ** 

When heated, the crystals melt at 00 ° C. in their own combini 
water; if maintained at 100 ° C. in vacuo in the presence of [iotas 
nentachlor-hydroxy-platinic acid, PlCI 4 .lU'1.2H s O or II 2 PtCl 8 (OII).IId 
is left as a residue in the forin of reddish brown crystals . 9 At high 
temperatures platiqpm dichloride Is formed. It does not, upon mc( 

1 J. B. Tingle aryl A. Tingle, J. Sue. Chew. hi'I., 1910, 15 , 7*. 

* Dittinarand Mar Arthur, Try ns. Hoy. Sue. Kdin., 1K8K, 33 , pi], 501. 

3 Kudniek and P. I). Cooke, J. Amir. Chtm. Sue., 1!>!7, 39 , 033. 

‘ y.n ppi, Jjial. Tin. Quim. Armnlirm. 1915, 3 , 08. 

* Welier,./. Amcr.<Chem. Sue., 1998, 30 , 29. 

* Weber, Pwjy. Annalen, '867 131 , 441. 

' Bociteker,./« hresbtr., W<i(>, f>. 10. 

* Hanjxacli. Her.. 1908, 41 , 1216. , 

* Pigeon, / m. Chim. Phy* n 1894#[ vii], a, 433. 


IspJtjon'ifi air, yield the anhydn*|B tetrachloride, PtCl 4 ,' since tfiia 
decomposes before the whole of the hydrogen chloride has bjoif dim/ 
hatfd. Consequently, to prepare the tetrachloride it is necessary to 
heal chlor-platinic acid cipher in dry hydrochloric acid or in chlorine. 

When a concentrated solution of chlor-platinit^ acid is poured into, 
concentrated sulpfiuric acid, the tetrahydrate, II 2 PtCl 6 .4TI 2 0, is obtained 
as fi yellow precipitate. The anhydrous aeitl has not been isolated. 

Chlor-platinic acid decomposes metallic carbonates, and unites with 
bases to form salts known as cklor-platinate 3, M 2 PtCI # . Hydrogen 
sulphide reduces it to ehlor-platinous acid, II 2 PtCl 4 , and after a time 

E irccipitatcs some of the platinum in the form of its black disulphide. 

*ts 2 . ■ 

Sulphur dioxide likewise reduces the acid to ehlor-platinous 
add, and if added in excess gives rise to complex sulphite derivatives. 
Yellow phosphorus reduces it to the metal, whilst hydrogen phos¬ 
phide causes hypophosphites or phosphides to form, according to 
circumstances. 

The heats of formation of chlor-platinic acid are as follow 1 : 

[PtCl 4 ] + 2 llCl.Aq. ILPtClj.Aq. + 24-8 Cals, 
and 2 «, 

|Pt| -|- 2 (CI S ) + 2110. Aq. II_PtCl a . Aq. -f 84-0 Cals. 

The heat of solution of the hexahydrated crystals is 1 : 

| H 2 PtCl a .6lIjO| +Aq. HjPtClj.A(|. !■ 1-31 Cals. 

Ilemchlor-plalinates 

Salts of hcxachlor-platinic acid may be conveniently divided into 
three groups, namely: ■■ < 

(l) Anhydrous salts of general formula M 2 l*t( 1 6 . 

( 2 ) Ilcxahvdrated salts, chiefly of the divalent metals, of general 
formula Ul , tCl 0 .(iir..O. 

(3) Salta of divalent, t rivalent, and tetravalent metals, containing 
r * varying quantities of water. 

‘They may*be obtained in several ways,^ namely : 

L ( 1 ) liy direct action of chlor-platinj/e lieid upon the hydroxides or 
./carbonates of metals. For example : 

! a 2 KQ.ll | iI 2 I*tCl tt — KjPtCl* -i 2 ILO. 

a ( 2 ) By mixing solutions of soluble metallic chlorides and chlor- 
platinic acid. For example: 

2N1I,CTH II 2 PtCl 4 = (NlI 4 ) 2 PtCl 6 + 2IIC1. 

,, This is a particularly Aisefiil method to adopt when a <pumtitative 
'determination of platinum is required (seep. 341) since ammonium ehlor- 
-plutinate is relatively insoluble in water, and still levs Soluble in alcohol. 

J ( 3 ) A similar reaction to the preceding takes placd when other salts 
tthan chlorides arc added to chlor-platinic acid. For cxamjiJe, silver 
Chloride is insoluble in water, but on adding the nitrate to a cold 
^solution of the acid, silver chlor-platinatc is immediately precipitated : 

2AgNO a + II 8 PtCl e - Ag 2 PtCl c + ana 

f 

1 Pigeoe, Joe. cil. 

* Thomsen, J. prakl. Chem., 1877, [li], 15 , 436. 
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'(4) IJy double decomposition *,%' a soluble chlor-piannate^suett a 
the soclivm salt Na.J’tCl,, with a salt, of a metal voiding aj» insolubl 
ehlor-pmtinate, such ns, for example, silver. • 

The chlor-platinates are mostly of a yc'low colour, the insolubl 
salts, namely, those of potassium, rubidium, e.esi 11114 , ammonium, am 
silver, crystallising in the anhydrous condition in the form of eubii 
oetahedra, isomorphous with the ehlor-iridates and chlor-osmjWS 
The more soluble -.•lilor-otalmates, namely, those of sodium, magnesium 
zinc, etc., crystallise with 0 molecules of water, and are isomorphou: 
with the chlor-stannates . 1 

Both ammonium and potassium clilor-platinal's. on account a 
their insolubility in alcohol, are used in (tie quantitative estimation o 
platinum. The former salt upon ignition yields a very pure platinum 
sponge. The solubilities of the more important ehlor-piatinntes ir 
water at 18° C. arc given in the following table : 


Chlnr pUvtinatc'. 


Silver . 
I'a’sium 
Rubidium . 
Ammonium . 
Potassium . 
Sodium 


Arams "[ Mjl’tCI, in 100 uremia 
of tVal. r. 


Almost nil 
DOS 
Oil 

(wr 
1 -in 

c. ‘ft 


tc 


, Group I.—Anhydrous Salts of General Formula M 2 Pl('l # 

Amiponium Chlor-platinate, (Nil ,) 2 PtC']„, is closely similar in 
appearance to the potassium salt, with which it is isflniorplums. It 
crystallises in regular oetahedra. 1 

The solubility of aininojjinm ehlor-plalinate in water at. Carious 
temperatures is as follows 2 

Temperature 0 G. . lj-5 100 

Grams (\If 4 ) 2 Ptn o per 10(4 * 

grams I’/) . . . O-fitltt ru5 

• When heated, ammonium chlor-plntinatc dceemposes in iccordunce 
with the equation t 

3(NH 4 ) 2 PtCl 8 = 3Pt |*1011(1 -!- 2NIl 4 (l -T-2N,, 

the metal being left»behind as a*dull grev, soft and porous^mass known 
as spongy platinum or platinum sponge. 3 
. .The density of the" salt is 3 031. 4 ' 

Caesium Chlor-plalinate, CsjPtCI,, yields yellow cubic oetaliedrr 

. t« • » 

1 Bcllucci and Parra vano, . anorg, Chtm 1905,145, 142. 

* Crookes, Chem. News, 1864, 9 . 37. 

* Ray and Ghosh, Zeihch. nnurtj. C%ctn., 1909, 64 , 184. '"’onirnst Maurr.en^, /?t</ 

8 fo<;. chim.p 1890, liii], 4 , 179. • 

* Archibald, Proc. Hoy. Soc. Edin KJp9, $ 9 , 7J1. 





pJSpWifKXRt.' ANI>*ELEMENT3 OF UiWPr* 

i t*" ' . _ '«• , ■■•''* 

fyfa'*sokbility of which in w*itci f at various tompcratu^ is m 
'follows 1 : * 

Tempciaturo' V, 0 *10 * 20 30 40 CO 60 70 80 90 100 

■ Grams Cs„P((\) , 

per 100 grams 0-0?4 00*0 0-079 0110 0 14 2 0 177 0 21» 0-251 0-201 0 332 0-377* 

) 

, •‘Potassium Chlor-platinate, KjPtCl,,, is most, readily obtained by 
adding potassium, chloride to an acidulated solution 'of platinum tetra¬ 
chloride. It crystallises in cubic octahcdra which are yellow in colour 
and but slightly soluble in water, and still less soluble in alcohol. The 
formation of this salt is therefore utilised in the quantitative estimation 
of potassium and pWtinum. 

Its solubility in water at various temperatures is as follows a : 

Temperature ° C. . 0 6-8 13-8 46-5 71 100, 

Grams K 2 PtCl # in 1 <10 

grams II 2 0 . . 0-724 0-873 0-027 1-770 3-018 5-23 

The heat of formation of potassium chlor-plntin/itc is 3 : 

[Pt | 4- 2(0 j) + 2KC1. Aq. = KjPtClj. Aq. 4 83 3 Cals. 

; When 'ignited, the salt decomposes, yielding a mixture of spongy 
platinum and potassium chloride. The reaction is not readily com¬ 
pleted in air, but in a current of hydrogen the decomposition is quanti¬ 
tatively exact. The density of potassium chlor-platinatc is S-499. 4 

. Rubidium Chlor>-platinate, lib 2 PtCl s , yields microscopic octahedral 
crystals, yellow in colour, and having the following solubilities in water 
at various temperatures 5 .- 

Temperature 0 C 0 10 20 30 40 60 60 70 80 90 100 

Grams RbjI’tClj 1 

in 100 grams ! 0-184 0-!.74 0-141 0-145 0 160 0-203 0-253 0-329 0-417 0-521 0-634 

H,0 ) 

Silver Chlotrplatinate, Ag„Pt:Cl c , is obtained as a yellow precipitate 
iy adding silver nitrate in excess to a cold solution of ehlor-platinic 
icyl. It is not quite pure, since it is slowly decomposed even by cold 
water', yielding silver chloride and a solution of platinum tetrachloride, 0 
which is dihydfoxy-tet raohlor-plitfinio ard, PtCl 4 .2lI s O or II,PtCl 4 (OIl) a . 

Upon tillering off the silver eb’oride and concentrating the* solution 
jver sul])huriccaeid ( . the pentahydrate, Pt Cl,. 511,0, crystallises out. 
Dn warning, however, with 'excess of silver nitrate, the silver salt of 
diliydroxy-tetrnehlor-platinic acid is obtained, thus : 

IfjPtCl, 4 2AgNO s - AgjPtCl, -t- 2HNO, 

AgJPtCl, 4 2UjO = 2AgCl 4 PtCl,.211,0 
PtCl,.2lI a O -f 2AgNO a =»Ag 2 PtCl 4 (OH) 2 4 2HNO, 

The heat of formation of silver chlor-platinate js as follows 3 : 

[PtCl,] 4 2[AgClj = [AgjEtCl,] 4 7-7 Cals. 

* Seidell, Sohikilitica of Inorganic and Organic Substance* (Crosby lockwuod, 19(4), 
lm» Bunsan, Pagg. AiinaUn, 18U1, 113 ,337 1 Crookes. Ivclcit. 

St * Kirchoft and BaCn, .Inn. Chim. Phya., 1862, (nil, 64 , 257 CCrookcs; Chon. Nona, 
,1864, 9 , 37. 

* Pigeon, Ann. CMm. Phya., 1894, [vlt], 2 , 433.. 

* Archibald, Proc. Roy.,Hoc. Edin., 1909, 29 , 721. 

4 Seidell, opua <*((. „ 

* JSrgenson, J. prali. Chon., 1877, 16 , 345. 



Group JJc—HexlHydrated Salts 

, Sodiiim Chlor-platinate, Ka,PtCI G . 6l!,0, crvstallisls in red*. triVlinio; 
prisms, of density 2*499. These become nuh^n.iflis at 100" t’., being 
e inverted into a yellow powder. 1 

The heat of solution of the anhydrous salt is 2 : 

[Na-jPtClj] + Aq. = Na..PtCl„. Aq. -f/J-St Cals. 

For the hydrated salt: ' 

[Na,PtCl 4 .011*0] + Aq. » No 4 PtCI«.Aq. - 10-63 Cab. 

The heat of formation is : 

f.Pt] + 2(0,) f 2[NaCl] - [Na.,PtCl„l +*73-7 Cals. 

In addition to the foregoing the chlor-platinatcs of the following 
ntT'tals have been prepared : 

Ilarium, 3 BaPtCI 6 .6lI 2 (); 

Cadmium,' 3 Cd]’tCI # .611,0 ; 

Cobalt. 3 CoPtCl c .611,0;" 

Copper, 3 CuPrCl„.(!l1,0 ; 

Iron (ferrous), 2 Fel’tCI,.611,0 ; 

Lithium* LuPtCl,,.611,0} 

Magnesium} MgPtCl 6 .6iI,,0 ; 

Manganese, MnPtCIj.OlI.O; 

Xiehel 3 NiPtt l 0 .OU./> : " 

Thallium. TU’tCI,,.011*0 ; and 
Zinc, ZnPta 2 .6H*0. 

Group III.— Salts containing varying quantities of Combined Water 

The chlor-platinatcs of: 

Aluminium? AlCI 3 .PtCI 4 .1511/1; 

Calcium, 3 CaPtCl e .8(or 9)11/) ; 

Cerium CeCl.,.PtCl 4 .13lI./5 and 7 4CeCI 3 .3PU.l 4 .2Hl/#| 
Gadolinium , 8 GdCI 3 .PtCl 4 .1011*0 ; 

Gluelnum * GIPtCl,,. Slt/j ; 
thulium, 10 2lnCl a .5Pt.CI 4 .36H;.0’; 
hon (ferric). 10 2 FcC! s *2PtCI . 2111./) ; • 

Lead? 1 PbPtCl„.3(or 4)11.0 
Strontium , 3 SrPt('l s .8ll/) ; 

Tin (stannic), ,# l SnCl d .Pt(il 4 .1211*0 ; and 

Zirconyl , 10 ZrC.PtCl*. 1211*0. 

• 

1 Vauqm-lin, Ann. Chim, Phijs., 1817, |jjj, 5 , 201 , 392. 

1 Thomsen, J. prahi. Ghent., 1878, [ii|, 18 , 3s. 

• BonsdorfT, l’ot/y Annalcn, 1821), 13, 247, 1829, 18 , 331 ,- f830, 19 , 33, ; 1837) 
( 3 , 81 ; Ann. Chim. PI,ft.. 1830, 44 , 189, 244. 

• Srhoibler, J. praict. Chen,., I85ti| [i], 67 , 485. 

, j AVe!k*w, Her., 1871, 7?304. • 

• John, Bug. Soc. chim., 1874, [ii], si* 034 ; Clcvy, ibi'l., 1374 fiij, 21 , *18, 197, 247. 
MS; Compl. rend., 1880, 9 *, 381. 

’ Holtznfenn , J.•firakt. Chern., 18 51,4i 1, 84 , 70. 

0 Benedicks, Zeilsch. anory. Chim., 1000, 22 , 393. 

» Thomsen, Jier., 1870, 3 , 827 ; ..S744 7 , 75 ; Welkow, Ike., 1873, 6 , 1288. 

>• NHson, Bull. Soc. chim., 1877, pi), 27 , 200. 

M Birnbaum, JethreAjer., 1867, p. 319. 



Chlor-hydrory-platmtc'Acids, H 2 PtCl n_ n (OII) fl 

Pentathlor-hyhroxy-platinic Acid, II s PtCl 6 (OH).—The moilbhydr^te 
of*this arid, namely,•II 2 PtCl s (0Il).II 2 0 ) is obtained 1 as a deliquescent 
residue on keeping crystals of hexaehlor-platinic grid in a vacuum ov« 
caustic potash af 100° C. for three days : 

IIjPtl'Ij.OTIjO =- II a PtCl 5 (0II).11^0 + HC1 I tILO. 

It. readily dissolves in water, yielding a "yellow solution with an 
acid reaction, sufficiently powerful to decompose carbonates. 2 With 
ammonia no precipitate is obtained, which property serves to dis¬ 
tinguish this acid from hcxacldor-platinie acid. With ammonium 
chloride or potassium chloride the corresponding hexachlor-platinate ife 
produced. mf 

Titration with alkali, using phenolphthalcin as indicator, shoe’s 
that the acid is dibasic, 3 and several salts have been prepared. Of 
these t he best known are : 

Barium Pentachlor-hydroxy-platinate, HaPK'l 5 (OII). HI 2 0, which is 
prepared by neutralising a solution of the acid with baryta water. On 
concentration in a desiccator the salt crystallises out in orange-yellow 
prisms. 4 t 

Silver Pentachlor-hydroxy-platinaK:, Ag 2 Pt( l 5 (OII), which results 
as a yellow precipitate 4 on adding a solution of silver nitrate to the 
acid. 

Strontium, Thallium, and Lead salts, namely, Srl'tCl^OlI).ILO, 
Tljl'ta^OIl), nful PbPtCl 5 (OIT).Pb(OIl) ? , have also been isolated, and 
evidence has bepn obtained of the possibility of the existence of the 
sodium salt, Na 2 Ptt'l 5 (On), in solution. 4 

Tetrachlor-dihydroxyopkktinic Acid, H a PtCl 4 (01I) a or PtC'l 4 .2lI 2 0, is 
obtained in solution by hydrolysing silver hexaehlor-platinatc with 
.boiling water: 

Ag.A’tCI, -1- 21T.0 2AgCl + II 2 PtCI 4 (OIT) 2 , 5 

and exists iii sofution when platinum tetrachloride is dissolved in 
wafer. 

Ujxm concentrating the solution and heating the residue to 100° C. 
the monohydrate of platinic ehlCride, PtCi 4 .II 2 0, is obtained. ^Further 
dehydration cannot be effected in'this ntanner without dceonf|>o$jtion 
oflhesaty. r 

„ The solution has an acid reaction, decomposing carbonates. Titra¬ 
tion with alkali, using phenolphthalcin as indicator, shows that the 
acid is dibasic. * 

Several' salts 'bf this acid have been prepared. The silver salt, 
Ag s PtCl 1 (OH) a ,.has long'been known. Other salts arc 4 those of zinc, 
>KnPtCI 4 (OII) a .3JI a O ; cadmium, CdPtCl 4 (OII) a j lead, PbPtCl 4 (OII) 2 , 
and a basic lead salt, PbPtCl 4 (OH) 2 .Pb(OII) a . • „ 

Dichlor-ietrehydroxy-platinic Acid, ■fI a PtCl f (OII) 4 , is readily ob¬ 
tained in aqueous solution by hydrolysing silver tetrachlor-dfiiydrcKy- 

1 figoon, Ann. Gkim. Phys., 18{)4, [vii], 2 , 433. 

* Pullinger, Trans.^Ihem. Soc., 1892, 6 l, 432. 

* Miolatv Ztitsch. anorg. Chem., 1900, 23, 445. 

* Miolati anil Bclliicci, 7.< iUch. anorg. Chem'.. I Of.) , 26 , 209 1 1903, 33 , 258. 

s Norton, J. pndt. Chem., 1870, [ii], 2 ,409 ; 1872, [ii], 5 , 365; Jorgpnscn, ibid., 1877, 
*J5. ' 


FWfiKT3M AR|i ITg CPiPOpfSe" 

‘ pif float e, ,Ag.Pt(.’l ,(Oil).,, with w'fiTMr at 100° C. THe reaction takes 
sefctaljvomrs toeopapjete, hut proceeds ns follows* : r 

Air.PtCl^OIl)., 4 211,0 ~ 2Ag('l •U-K ('L(Oll),. 

The acid is also produced when ammonium hydroside is added 
pi the requisite amount to a solution of the lelrachlor-dihydroxy 
acid : 


2ir 2 Ptt:i,(oii)3 -i- 2MI 4 t>ii (xii^i’tn, -i >ji s o 4 n s pin.pm; 4 . 

The solution is evaporated to dryness and the acid extracted with 
water, ammonium licxaehlor-platinate < “maining t.«■! ind as an insoluble 
residue. * 

When mixed with excess of dilute hydrochloric acid, hexahydroxy- 
platinie acid dissolves, yielding the diehlor-tetrahydroxy acid. 

* When diluted with water this acid yields the hexahydroxy acid in 
amorphous form, hut in a crystalline form if dfalysed.- 

If an excess of ammonium hydroxide is added to a solution of the 
tetrahydroxy acid the liquid darkens and ultimately deposits a brown 
flocenlent mass of Fulminating Platinum, 1 NILl’t,(()11) 10 . which is 
soluble in dilute hydrochloric acid. The lloeeulent mass ,r''sembh s 
hydrated ferric oxide in ao|..#ranee and contains no obtain.'. If 
dried at 100“ C. after thorongli washing, and then exposed to further 
desiccation over sulphuric acid, it absorbs moisturu upon exposure 
to air with such avidity that the particles jump alout. 

When gently warmed to 125“ (’. the substance darkens in colour 
and loses the equivalent of a molecule of water. At 1X0“ (\ it becomes 
black, and above 230“ C. it decomposes with violent detonation, 
nitrogen, water vapour, and oxygen bei: g,evolved, and a residue of 
plat inum sponge remaining behind. 

I&pyridine is added to diehlor-tetrahydroxy-plalinic acid instead of 
ammonia, a similar detonating product is obtained, presumably having 
an analogous composition, namely, C s ll s NM , t il (01I) 1B . • 

Monochlor-pentahydroxy-platinic Acid, lI 2 I’tCl(Ori) ; , is ohiu'itcd^by 
the action of (lilutc sulphuric acid upon the barium salt. 1' is a brown, 
deliquescent syrup. It is dikiftic in character. Us solutions decompose 
carbonates, slowly in the cold. but. reaeffly on warming. 

The %alciiun salt is obtained by r the adieu of sunlight on ehlor- 
plntinie acid in the presence of lime. 3 Tlip hariumeu’d flvon^.un salts, 
have likewise been obtained in a similar manner, l! alkali hydroxides 
are employed, however, instead of the aikulinc earths, sunilar salts are 
not obtained. 


PLATINUM AND BROMINE 


Platinou* Bromi^f, Platinum Dibromide, PtBr 2 , results as a brown, 
insoluble powder an heating brom-platinic acid. ir a Ptl!r # , in air at 
about 280.” C . 4 - 

’6rom-platinou* Ac§i, II,PtBr}, has not been isolated in«the pure 

» Jacobscio Compt.zend., 1906, 149 , 574. Contrast J3rgcn <n. J. prakt. Chan., 1877, 
fill, 16 , 345; Miolati, Zeilech. <mnrg. ( firm., 1900, 22 , 415. 

* lllnniicl, Ann. Chim. J’lii/n., I905< fsi*i}, 6 , SI. , 

* Miolati, Zi ilsrh. c.vorg. C'hem., lttOO, « 2 , 464 ; itcllucci, Alii It.Mccad. Lincti. 1902. 


f»], 11 , ii, 241, 27V 

:. . * Pollinger, Trv*. Chtm. Soc., 1891, 5 ^r 598. 




I PLATINUM. wrtPBP 

put exist:! in solution whA# platinous bromide is dissolve! 
aqueous ^ydrogeij Ifromidc, It combines with bases to forifc : 

' » Iham-pkitinites, M 4 PtBr 4 


Of these t he’piosl important salt is : 

• Potassium Tetrabrom-platinite, K 2 PtBr 4 .2lI 2 0, wliich may be ob^ 
tamed 1 by reduction of the hexabrom-platinatc, K J’tlir^with potassium 
: oxalate solution at 100° C., or by addition of swdium bromide to 
potassium tctraehlor-platimte. 8 

On concent ration, the brom-platinitc crystallises out in large, black, 
rhombic crystals: 

m : 6 : c = 0-60582 :1: 0-70199. 

The crystals arc readily soluble in water. Their heat of formation 
is as follows 3 : 


| I’l] -| Hr, -| ‘ilvlk.Aq. -= K 2 Pllk 4 . Aq. -|- 21-88 Cals. 
The heat of solution of t he crystals is : 


| K.,Pllk,| -f Aq. — K 2 Ptllr 4 .Aq. — 10-6 Cals. 

Platinic Bromide, Platinum Tetrabromide, Pt.Br.,.- This salt is 
obtained *i>y maintaining bvom-plntinu: acid at 180° C. in air. 4 The 
product, is not pure, for even at this temperature it undergoes partiul 
dissociation into the dibromide 5 : 


PtBr^I'tBr, + Br t . 

As obtained in this way, platinic bromide is a dark powder, slightly 
soluble in water to a reddish brown solution which contains dihy- 
(h-oxy-lctrabrom-platinic acid, II 2 Pt.Ik 4 (OIl),. It is fairly soluble in a 
mixture of alcohol and water, and very soluble both in alcohol and in 
ether. On warming, however, these latter solutions become reduced, 
■delding a dopos ! t of platinum black. Its solution in aqueous hydrogen 
iromiile pontai is brom-platinic acid. 

TI 14 salt has not as yet been obtained in a perfectly pure condition. 
Its L heat, of 'brutal ion is given by Pigeon 6 : 

IPtl + 2l!r 2 = [PtBa,l + 42-4 Cals. 

[Ptl -f- 2(Br s ) =.iPtBr 4 L+ 56-8 Cals. 

Brom-platLiic Acid, H 2 PtBr 0 , was first obtained by Balard 7 in a 
more or ‘less pure condition by acting on platinum with a mixture of 
i nitric and hydrobromic acids. 

: A more satistaetory method consists in dissolving platinum sponge 

. in hydrolwomic acid saturated with bromine. This may be effected in 
I'ty sealed glass tpbe at 180° C.J but that is not necessary. If the platinum 
- sponge is simply boiled for a short time with an excess of bromine anc" 
^hydrobromic acid in a flask with a reflux condenser, the whole if 
§ .'dissolved;"‘yielding absolution of brom-platinic acid. 

1 RUlmnnn and Anderson. Btr. } 1903, 36 , 1565. 

1 Thomson, J . prakt. Chem 1877, [ii], 15 , 295. 

* Thomsen, cit., p. 430. ‘ v, 

• V. Moyer and Ziiblin, Ber ., 18S0, 13 ,404$ H&lhcrstadt, Her., 1884, 17 , 2962. 

* Gutbfer and Blumor, Ztitsch, wtttrg, Chen., 1913, 81 , 381. 

• Vision, Ann. Chin*. Phy*., 1894, (vift, 2 ? 433. 

• Balurd, 1 4 m*. Ckim. Phy\, 1828. [ii], 32 , 337. 

* ^nUtager; Trans. Ohm. £fec. l 'l69l».$9» 598. 



dG&tbjpfc 1 prepared pure brom-plitVie act'd by repeatedly evaporjn 
Sj6>ht! purf chloride with concentrated hydrobromio a^id on thc^ivatfet 
bfttlt and then treating it similarly three or four times with hydrq 
broinib acid containing bromine. The residue, on feeing taken up witl 
dilute hydrobromio acid, yields a deep carmine-red solution. 

. Krom-platinie acid crystallises in red, monoelime prisms. eontniniu| 
0 molecules of water, thus:* H,,PtDr # .9Hg(). The crystals are deH 
queseent and rend fly sqlublc in water, alcohol.* and ether. Wlfei 
heated in air to ISO" they melt, water and hydrogen bromide beinj 
evolved, platiuic bromide constituting the residue. 

The heat, of formation is as follows -: 

[Pt] -f 2Rr,. + 2IIBr.Aq. — H s Pt.Br,.Aq. ’) 00-7 Cals. 

Brom-platinie. acid possesses a strongly acid character, decomposing 
cafbonates and uniting with bases generally, to form salts known as : 

Brom-plalimiles, M 2 PtBr„. 

These salts are isomorphmis with the ehlor-platinntes a trends 
deserihed, and which they resemble in their general chemical reactions 
The alkali sails are best, known, and are readily prepared by # additior 
of # a solution of the alkali bronyde to one of brom-platinie :e id, and 
crystallising the precipitated complex from dilute hydrobromio acid. 91 

The solubilities of the alkali brom-plutmates in water and dilute 
hydrobromio acid decrease with increasing atomic weight of the au.aii 
metal. The solutions obtained arc ml in colour, but •turn yellow on 
dilution with water. Hydrazine hydrate decomposes them with ease, 
metallic platinum being deposited and nitrogen evolved. 

Numerous brom-platinates of orgryiie liases have been prepared and 
described, 4 but to deal with these is beyond the scope of this work. 
The more inqxirtant inorganic brom-platinates are as follow : 

Ammonium Brom-platinate, (Nil 4 ) 2 PtBr # , crystallisnn in cubic oeta- 
hedra, which are dark brown in colour* and isoinorphous jvitb the 
corresjMinding potassium salt. * * 

When heated, ammonium brom-platinatc decomposes, partly uecoFd- 
ing to the equation 

3(NIf 4 ) 2 PtBr e = a¥». + 1 ifUBr j 2NH 4 Br -|. 2N a , 

and partly 

(NlI 4 ) 2 PtBr 6 = Pt -f 2.Nji 4 tsr 2JJt. 2 . 

By thorough drviug*of the salt,, however, the quatils'y of bromine 
liberated is reduced#- 

The density of the salt is 4-265, 7 It dissolve* in water to a deep 
rrange-red solution, which, when saturated at 20° C. v * contains 0*W 
{rams of (NH 4 ) s PtBrj per 100 gratns of solution. 8 

1 Gutbier and hia co-worW ra, Chen'. Zenit., 19^4, I, 1102. 

* Vigo(m*jl>m. ('him. 1‘hyt., 1804, fviiJ, 2 , 433, 

1 * Gutbier and bis co-worjfbni, Chem. ZcrUr., 1914,1, 1162. 

1 Gutbier ig)d his g jllaborators, prah. Chem., 1913, [iij. 88 . 409 j Her., 1910, 43 , 

1228 . • 

Gutbier, Krausa, and L. von MliOcr, (them. Zenlr., 1914 1, 1102. 

V • RSy and Ghosh, Ztiltch. anorg.thhem.. 1909, 64 , 184. 

£.7 Archibald, Prpc. Roy. Hoc. F.din., 1909, * 9 , 72b 

.JMbersUdt, J9e- ., 1884, 17 , 2962. _ 



iVJTCiiii, iuuBjaitoiv 10 wr iKAUMum uiWLfff- 


aK5 - **> •’ • •• . ,_•• », • * 

■ t Caesium B»om-platinate, Cs^PtBr*, crystallises in reddish fellow 
ortahfdra. 1 c » o ‘ t 

, Potassium Brom-plptinate, K 2 PtBr„, results as dark brown oota- 
hedra, from which ‘it is dillicult to remove all traces of water. 1 The 
crystals are rfot. vcay soluble, a solution saturated .at the ordinary 
temperature containing 2-02 per cent, of its weight of the salt. 2 At 
K)0 U C. the salt, dissolves in 10 times its 'freight of water. The density 
oh the crystals is <H*58. 3 

The heat of-formation is 4 : 


| Pi | ' 2 (Br s ) J 2KBr. Aq. — K 2 PtBr„.Aq. -f- 50-:! Cals. 

Hu* heat 'of solution is : 

| K.,PtHr 0 | + Aq. - K 3 PtBr 6 .Aq. - 12 2 Cals. 

Rubidium Brom-platinate, Itb,PtBr a , yields reddish yellow oeta- 
hedra. The salt retains traces of moisture most obstinately. 1 * 

Sodium Brom-platinate, Na 2 PtBr 8 .GlI 3 0, yields deep red, triclinic 
prisms, isomorphous with those of sodium ehlor-platinate hexahydrate. 
The salt is readily soluble in wntcr, stable in air, and has a density 
of 8-328. s 

O 

Brom-plfttinat.es 8 of: 

Hi mum, BaPt.Br 6 .101I 2 O; 

Calcium, Cnl'tBr e . 12II S 0 ; 

Cobalt, CoPtltr 8 .12ir 2 (); 

Copper, CuPtBr„.8lI»0; 

Lead, PbPtBr,; 

Magnesium, MgPtllr 8 . 1211,0 ; 

Manganese, MnPtlflr 6 .12lI‘ii); 

Nickel, NiPtBr,. 611*0; 

Silver, ^g 2 PtBr,; 

Strontium, SrPtBr 8 .10lT 2 O; and 

Zinc, <KnPtBr # . 1211,0, have been described. 

1 Tetrabiom-dihydroxy-platinic Acifl, H 2 PtBr 4 (01I) s . — Platinum 
tetrabromide is only slightly soluble in water, yielding a reddish 
brown solution containing tlie dihydroxy acid. With silver nitrate 
the acid solution yields a dark brown “precipitate of the silver salt.,’ 
Ag 2 Ptll- 4 (Olf) 2 . • 

In an analogous manner salts of lead, PbPtBr 4 (OII)..Pb(OH) J ; 
thallium, TLPtBr 4 (OII) 2 ; and mercury, IIg J> tBr 4 (OII) 2 , have been 
prepared,’ whilst, electric conductivity measurements indicate that the 
•odium salt, Na 2 PtBr 4 (QH)j, can exist in solution. 7 

o 

1 Gutliior, F. Krauss, and L. von Mllller, Chan. Zcntr., 1914,1, 1102. 

• Halberetndt, Her., 1884, 17, 2002. 

5 ArohibaJ 1, I'roc. Roy. Soc. A’rftn., 1909, *9, .721: Boedcker (thresher., 1860, p. 16) 
gives 4‘68. ” 

4 Tfionwen, J. prakt. Chan., 1877, fii], 15, 436. 

*• llonsdorlT, Pony. Annalen, 1830, 19, 344 ; 1837, 33,1,1. 

* llonsdorlT, ibul. 1829, 17, 247 ; 1829,.18, 331 : 1830, 15, 337; 1837, 33, 61; 

Topsoe an 1 Christiansen, .4«n. Chim. rhys., 1874, [v],-l, 41. 

’ Miolati and lielluoci, Zeilteh. unorg, Chan., UlOl, *6, 222. 



PLATINUM AND ITS OOHPODND* 

PLATINUM AND IODINE 

t'latuious iodide, Platinum Di-iodide, PH.'* n.. v , . "',r j 

warming a solution of potassium iodide with p'ati^ious chloride. 1 The 
method is not altogether satisfactory because of the dillirfilty of deciding 
when the reaction is complete. If the heating is too prolonged the 
platinous iodide-is .converted into the platinic salt. I’t 1and frj*f 
platinum, the former of thicli parses into solution, whilst the latter 
contaminates the deposited di-iodide. On the other hand, if the 
reaction is not, carried to completion th« product is mixed with 
unattaeked diehloridc. . 

As prepared try the foregoing method, however, platinum di-iodide 
is obtained as a black, insoluble powder, stable in air. It is slowly 
soluble in hvdriodic acid, but the solution undergoes decomposition into 
the tctr.i-iodide and metallic platinum. When heated to about !t()(l" or 
350° t'. it dissociates into its components. 

Platinic Iodide, Platinum Tetra-iodide, l’t I ,, is readily prepared in a 
variety of ways. It is deposited on addition of hydriodic acid, 2 or of 
sodium (or potassium) iodide 3 to a warm solution of ehlor-plntinic 
acid, and allowing to stand at the ordinary temperature. Thtv>ohition 
betimes turbid and finally deposits crystals of iodide. 

The salt may also bo obtained by direct, union of the components, 
as, for example, by heating finely divided platinum and iodine, in sealed 
tubes. 4 It results when iodo-plalinic acid is heated in 100° ('., .,,1 
when platinum sponge is dissolved in a solution of ioufue in aqueous 
hydriodic acid. The dark red solution is evaporated toglryness, raised 
to ISO 0 l'., and washed with boiling water. 6 

Platinic iodide is a blackish brown, a morphous powder, which 
evolves iodine vapour when placed in vacuo even at ordinary tempera¬ 
tures.* When warmed to 130° C. in air. iodine is evolved. 4 

The heat of formation of platinic iodide solution is gtven as *’: 

[l*t| -f a|l 4 | =|PII«1 i rr- t c»ils. • 

|Ptj + 2(1,) = 1 PtIJ -!- 3 M) Cals. 

• Although insoluble in water, •plating iodide dissolves m airman. 
Its molecular conductivity in .ethyl qjcohol at 2;V V. .increases with 
dilution until the concentration has b.een reduced to 0-25 "ram molecule 
in fiOtPlitres, when it becomes constant. 7 

Iodo-platmic Acid,II.,PtI 9 .t»II 2 0.-This<aeid cxists-m soluiion when* 
platinum tetra-iodide is dissolved in aqueous hydriodic i*ei^. Upon con¬ 
centration it separab : out in rcddisli black, monocli..ie ‘f* sta! j. These 
are easily soluble in water; they dctiquasec .upon exposure to air, 
whilst ill vacuo they lose hydrogen iodide. When heatnd to 100° i f 
platinum tetra-iodide is obtained.. 

The aqueous solution is unstable, a deposit of the Uira-iodide 

>.feMBaig«e, Ann. Cbim. Phgf, I M2, [ty, 5*. «T»! Top*-is, Jahrvi.tr., IS"',, p 388, 

- Topsoe, Jahrcuber., 1870, «p. 388. • 

» Losaaigncxdnn. CUm. Phy■»., 1832, |U], 5*. 1 W i Archibald and Patrick, J. Amtr. 
Chern. Soc ., 1912, 34 , 3TO. • _ * 

* Ctementi, ,V«on Cimento, 185,">; 2 , 1(J2. 

* Pullingcr, Train. Chcm Soc.. I 8 OT 3 59 , 598. 

‘ Pigeon, Ann. Chim. Phys., 1894, [vii], 2 , 433. , 

’ Archibald and Patrick, J. Amer. Chcm. Sac., 19*2, 34 , 360. 



Pqjng' c/btainec^on prolonged siding, particular!^ with exposif?re.ttr? 
'sunlight. 

Ilexa-iodo-platinates, M g PtI, 

r « 

Iodo-platinic acid unites with bases to form salts of general fdrmuta 
M 2 PtI 8 . Those of the alkali metals are mostly anhydrous and isomffir- 
phous with the corresponding ehlor-platinates and brom-platinates. 
w. The iodo-platinatcs of zinc, magnesium, etc., crystallise with’ 9 
molecules of water, and form an isomorphou ( s series of their own. 

The iodo-phltinatcs may be prepared by dissolving either platinum 
tetra-iodide or chlor-platiqic acid in aqueous solutions of the iodides of 
the metals; and by neutralisation of the hydroxides of the metals with 
iodo-platinic acid. 

The Alkali Iodo-platinatcs, M 2 PtI 6 


Ammonium Iodo'platinate, (NII 4 ) i .PtI B , crystallises in cubo-o£ta- 
hedra having a black colour and a metallic lustre. The solution is 
unstable, a deposit of platinum tetra-iodide being obtained on standing. 1 

Potassium Iodo-platinate, K 2 PtI 9 , crystallises in black cubes having 
a metallic lustre. It readily dissolves in water, yielding a wine-red 
solution. When dilute, the solution is not stable, a deposit of platinum 
tetra-iodide being obtained on prolonged standing. 2 

Sodium Iodo-platinate, Nu 2 PtT 6 .aILO, crystallises in greyish bjue, 
deliquescent needles 3 belonging to the monoclinic system, 4 


Iodo-platinatcs of Divalent Metals, RPtI 0 ..rII 2 () 

The iodo-platinatcs of the following metals have been prepared: 
Barium? BaPtI 9 .a:H 2 0; 

Calcium* CaPtl,,.1211,0 ; 

Cobalt* CoPtlg.UltjO‘ 

Iron (ferrous), 4 l<’cPtI 9 .9lI 2 0; 

Magnesium,* MgPtI 9 .9II 2 (); 

» Manganese* MnPtI e .9jI 2 (); 

Nicktl* NiPtI 6 .9H 2 0; and 
Zm?, 1 ZnPt[,.9H 2 0. 

Tetra-iodo-dihydroxy-platjnic Acid, tI 2 PtI 4 (OII) 2 , has been obtained 
by Bellucci 6 in solution as the Jesuit of allowing platinum tetra-iodide. 
to remain in .contact with 95 per cent*, alcohol. The brovtfi solution 
obtainqd has an acid reaction, and decomposes carbonates. 

■t By addition of concentrated aqueous solutions of soluble salts of 
silver, lead, thallium, and mercury, the following insoluble salts have 
been obtained ..Ag 2 PtI 4 (OII) 2 ; PbPtI 4 (OII) a .Pb(OII),; TI 2 PtI 4 (OU), ; 
and IlgPtI 4 (Orf)j. , 

Platinum Chlor-iodide, PtCl^, is described 9 as yielding brick-red,: 
deliquescent prisms when platinmq is dissolved ip aqua regia in the 
presence qf iodine. * „ 

Mixed Halogen Flatmates, have been prepared, such as, for example 

doo "fopaoe, Jahresber,, 1870, p*. 388; llalbcnstadt, .fter., 1884, 17 , 2962. 

* Lassaigne, Ann. Chim. Phys., 1832, [ill, 51 , 113; Topsoc, lot. cit.; Mather, AititM 

Set., 1,834, 27 , 2S7. • „ <• - 

a LuaSaigm*. Ann. Chim. Phye., 1832, [iij, St, 113. 

* Tnpsiie, Jah-.’sbtr., 1870, p. 388. . I* 

* U'tliieei. dinzrtla, l|H»S, 33, 147 ; .1 Hi ft. Accent. Lined, 1002, [v], ti, i, 8. 

* KitiiHUercr,- / nnaien, 1308, 148, 329. 




pbidhtitipi^ tctrachlor - dibrom - pkitiiKito, K 1 PtCl 4 Br i , men resuiu |on 
adding uoRissium bromide to an aqueous solution of ictrAcliloi^ilattnfe 
arid . 1 ft yields octahedral crystals. * # 

'Jtie remaining members of the series, namely. K.d’tt'ljHr 5 
'KjPtCl 3 Ur 3 ; KJ’U'hsTh',; anil KolHCllii'j ; hair aKi^ln'cn prepared.-' 


PLATINUM AND OXYtiK.N 


Platinous Oxide, Platinum Monoxide, I’tO, is product it * in the 

anhydrous condition in the form of superficial blackening when platinum, 
either in the form of sponge or of thin feu, is l.e«f,«i in dry oxygen at 
about 4S0 -5 the product containing as much as W per cent, of oxide. 

It dissolves in hydrochloric acid containing a trace of platinous 
chloride, yielding this latter salt. 

\Vhcn heated, platinous oxide decomposes, yielding metallic platinum 
and its dioxide. 3 

Hydrated Platinum Monoxide, PI 0 . 21 LO, is obtained in a more or 
less impure condition by tbc addition <>l warm potassium hydroxide 
solution to platinous chloride.* The pure hydrated oxide, however, 
max' he obtained by boiling a solution of potassium eblor-plalinitc 
xyth the calculated amount. y>f sodium hydroxide solution The 
Imitated oxide separates out as a dark precipitate, wlue.li is rtadily 
oxidised by exposure to air. so that it is necessary to wash and dry it 
in an atmosphere of carbon dioxide. It retains its combined " t 
very tenaciously, and cannot be completely dehydrate ; without partial 
decomposition. 

The freshly precipitated oxide is soluble in eonOVutralcd hydro- 
chloric acid and in sulphurous acid.. Concept rated nitric and sulphuric 1 
acids also effect its solution, but the dilute acids arc practically without 
actidh. After drying in an exsiccator, however, hydrated platinum 
monoxide is insoluble in concentrated sulphuric or»nitric acid. It 
dissolves*however, in concentrated hydrochloric ucd. . 

The hydrated oxide possesses oxidising powers, niNonious acyl being 
oxidised to arsenic acid, hydrogen iodide to iodine, whilst hydrogen'gas 
raises the oxide to ineandescfliee, water being formed. 

The ftxidc is capable also of effecting Certain reduct ions, hydrogen |>er- 
oxidt* Wing reduced to water? and afldulaieilgiotassiufn permanganate 
to manganese dioxide, platinum didxide lying sirmtJlaii^iusly formed. 

Triplatinum Tetraxide, l’t s 0 4 ..An oxple corrcspoi, mg inAmpirical 

composition to Pt 3 0« was described by Jorgt nsen,* but apjmars* Tfe) 
have been a mixture of monoxide and dioxide 1 ^thejj")' n a separate. 


chemical entity. * . 

Hydrated Platinum Sesquioxufc, nia V bc ohtaiiiedj.; 

by decomposing tjie trichloride, PU1 3 , with a hot solution of sodiUifc 

. % • 

’ * Pitkin, Ber., 188*, 13 ,1HG0; Miylnti, Zeilech . nnorg. Chan., ls!*7, 14 237. 

A Wohler, Ber., 1903, 36 , 34*5. , 

W8hler and Frey, Ztihth. KUklroch t m., lWlt, 15 , I.2?- 
,, . 4 Doobereiner, Bogy. A nif.bn, 1S33,28, 1S1; Lietxg, ituit., I s _ .1,17. 101, ViA '"’yielii),- 
Aun. Chitn. H/tyS; 1W, (iil. 5. 204 ; Begeliun, Behwdggtr'e J ., !H13, 7, 85. \ 

» Wohler, Zcitnch. anorg. Hern., 1904, 40, 423. 

4 Jorgensen, J. yrakt. Chcm., 1877 , Hi], 16 , 345. 

■t Wohler and Martin. Bcr., 1909,4s, 9958. Tho «ub*l»iedi*c»ibcd by early wnNM 
platinum aesqaioaidc were probably mutures ol.thc dio%de andjnonox idt*(Wuhks| 
ftfk.qnorg. Chan , 1904, 40 , 423p 



P^l^OQBlMj^IdKIL, AMP ELEMENTS OP TLATlNtfM GRptfP 

CArtonate; it a^o results bn acidifying with acetic acid a qplutieft cr 
the trichloride in\)otassiurn hydroxide solution. ' ° 

.Hydrated platinum sesquioxide is a brown substance, insoluble jr 
water, but soluble both in concentrated sulphuric acid and in casustic 
alkali solutions.' r Wh<m dehydrated in vacuo, it.decomposes, so that 
the anhydrous sesquioxide has not been obtained. 

><- Hydrated Platinum Dioxide. Pt0 2 .,rII£0, is obtained 1 by boiling 
plannuin tetrachloride 1 with an excess of twice itormal soflium hydroxide 
solution, and then neutralising with acetic acid. The precipitate 
obtained when the foregoing reactions are carried out in dilute solution, 
and when the acetic acid is added in the cold, consists of a while deposit 
oVtelrahi/ilmte,Vt0 2 All.fi. This hydrate is acidic in character, and is 
probably more correctly represented by the formula 1I 2 Pt(0Il) 6 , and 
qs described in further detail under the name of hcxahydroxy-platinic 
acid (see below). It readily loses water, becoming yellow on drying 
in consequence of partial dehydration. When boiled with water the 
precipitated tetrahydratc becomes ochre-coloured, being transformed 
into the Irihjtlrale, Pt() 2 .:i[[ 2 0. Upon prolonged exposure to sulphuric 
acid in a desiccator further dehydration ensues, the yellowish brown 
diliydrale, Pt() 2 .‘2H !i O, being produced. When maintained for some 
time at l(M° C. the mass becomes black and resembles coal in appear¬ 
ance, but yields upon pulverisation a dark brown powder. This is 
the mmwhydrate, PtO,.if s O, which clings tenaciously to its combined 
water. It is soluble with difficulty in hydrochloric acid, although, 
when a portion, of the oxide has passed into solution, the remainder 
dissolves more rapidly on gentle shaking. 

On saturating a solution of chlor-platinic acid with hcxahydroxy- 
platinic acid and dialysing, a product is formed which coagulates on 
warming, and has a composition represented by the formula 
(Pt().,) 5 .‘2lft'l.!)II 2 0. Boiling water converts it into metaplatinic acid, 

(PtO^.SlLO. 2 c. 

When aquecjps solutions of organic acids are boiled with the dioxide, 
reduct ion" takes place, metallic platinum being deposited, and the acids 
oxidised. Hydrogen peroxide solution slowly reduces the dioxide. 

Platinum dioxide, upon ignition, decpmposcs, evolving oxygen, a 
residue of metallic platinum being obtained together with a solid 
solution of cither the monoxide or. the sesquioxide in the dioxide. 3 

Hexahydroxy-platinic Acid, H 8 I!t(OH) 9 , or Pt0..4H a 0, is obtained 
as a white precipitate on neutralising with acetic acid in the oiild a 
w'ell-diluted solution of platinum tetrachloride which has been boiled 
with excess of caustic soda. * 

When freshly prepared it is readily soluble in dilute acids or alkalies. 
On drying it undergoes slight dehydration, becoming yellowish in colour.' 

On dissolving in dilute caustic alkalies it yields salts of the type 
MjPt(OII) c . The sodium and potass : um salts of, this acid have been 
prepared, 4 and that thfsc salts correspond to the foregoing formula and 

1 Wohler, Ztiltch. morq. Chan., 1004, 40 , ; Beltneei, ibid., 1905, 44 , fu 8 . IJotoss 
the precautions enunciated by these authors are taken, the 1 rod net is contaminated with 
Alkali. The oxide obtained by early workers was impure. See Berzelius, Sfhueiggtr'* J. t 
1813, 7 , 55 h Docboreiner, Pugg. Annuhn, 1833,* 28 , 181; 1 nnakn, 1830 , 17 , 07; Topaoc, 
Jfter., 1870, 3 , 402. 

* Blondel, Ann . C'hiin. Phija. % 1005, [viii], 6 , 81^ 

* Wokler and Frey, Zepsch. Kkklrochem 1900, 15 , 129. 

* Bellucci, Atti li , Accad. Lincct , 1903, [v], 12 , ii, 035. 



rtuaiav* a«d t is 

t&fQ.n.it s : nij)Iy hydrates of the type M,1HG,.8H 4 0,' kcsMUttlK^’ tt(f: 
oirfy l\»tVir bciuj; stable at. 100“ 0., Imf by their p.eripilatiftg from 
acficous silver acetate solution the salt Apsl’UOII),, xfttich is idso stable 
at. 100’ In a similar manner thallium Ik xahydroxy-platiiiate, 
Tl a Pt(OII) 6 , may be thrown out of solution. ,. • 

Still further evidence in favour of the correct in ss*of the foregoing 
‘annula is afforded by the interesting isomorphism existing between,, 
potassium platinat^ and the stannate and plumbtite of the same iiimiI 
This is evident from tin vivstallographie measurements detailed below.* 
The salts crystallise according to the rhombohedral system. 

Iv.PlfOIl),, a:r - I : l-OD.il* /. 00’ If 1" 

K j’blOll),, u : <■ l:10aU a = 0lu 

KjSntOU), a : c l : l-OfiSS a =70 0' 14’ 

Electric conductivity measurements indicate that potassium plati- 
niltc undergoes normal dissociation in dilute aqueous solution like 
other salts of dibasic acids. It is not livdrolyssd by water at 'Jo ' 

'l'he sodium salt, Na 2 Pt(OI 1) 6 , after standing for several days 
becomes gelatinous owing to the separation of Na J ().(l , tO t ) J .(ilI i .O, 
which, upon prolonged dialysis, yields Nn 2 0.(Pl<) i [) <( .!>II. ! (). 1 

When mixed with excess of dilute hydrochloric acid, hexahydrox y- 
platinic acid dissolves, yielding diehlor-tctrnhydroxv-plal mi ■ acid, 

li.i’tcyoii),. 

Platinum Trioxide, PtO.,, has been obtained 4 by electrolysing a 
well-cooled solution of hydrated platinum dioxide in 1-Normal ■ potas¬ 
sium hydroxide, using platinum electrodes, ’i'lie anode Incomes 
covered with an amorphous, goldeu-eoloured film of potassium plalinntc, 
iuiving the composition K S ().1M0 ; , or KJhO,,. This, by treatment; 
with ice-cold, dilute acetic acid, yields the.free Irioxide as a, reddish 
brown substance, which gradually loses oxvgen, but never becomes the 
pure^lioxide on simply keeping in air, probably because a solid solution 
of Irioxide in the dioxide is formed. • 

Platinum trioxide is not acted upon by dilute rjilp uirie, nitric, or 
acetic acid. Dilute hydrochloric acid dissolves it. \vilh*evolution ol 
chlorine, whilst sulphurous acid converts it into complex .sulphites. 

Concentrated hydrochloric* acid rapidly dissolves the Dioxide*with 
violent chlorine evolution, whifst, consent rated sulphuric and nitric 
acids slowly convert it into lift; dioxioc in the- warm. * 

When gently warmed oxygen is evolved, a spsidite of n 1 . ‘inum 
dioxide being obtained. . „ 

A remarkable feature of the Irioxide is the fact that il N not. reduced 
by hydrogen peroxide, and Wohler therefore regards it ,*-'01 as r peroxide, 
but. as the anhydrule of platinie arid, in which the pla.inum ;.s regarded 
as hexavalent, thus : - q 

0.,-Pl 7 ’ 

<) 

.It is suggested that”the anodic passirity of platinum is attributable 
to the formation of a surface film of this* oxide. 

1 Made b>* Zaratxfiini. St^ Belloorieaad Parravano, Alii Jk Jrrml. I.inni i(li« 

>j, 14, '■ 47,7 ■ 

* Bellucci, Zeitsch. anory. Chcm.r iOOJ, 44 , 168. 

, * Blomtcl. Ann. Chitn. Pht/s., lUOtf, Jviii], 6 , 81. 

jj. Wohler ariU F. Martin, Ber., I90U, 42 .;!il20r 
$£:«! I 



platinum and sulfur 

Platinous Sulphide, Platinum Monosulphide, PtS, was obtained by 
vv by ignition of p[atinum sponge and sulphur in a closed tube. The 
Ml’uet was a Muck, refractory mass . 1 

Roessler 2 obtained the sulphide by heating finely divided platinum 
sulphur under a, layer of borax. On extracting with hot water s 
rk, heavy powder remains. 

Other met hods consist in heating to white heat a mixture of platinum 
d pyrites under borax, a crystalline product being thereby obtained 3 ; 

■ heating in a closed crucible a mixture of ammonium chlor-platinatc 
id sulphur'; and, finally, by the ignition of the oxvsulphido, PtOS.Aq.® 
ic product is a greyish black, insoluble substance, not attacked by 
ids or alkalies, and almost insoluble in aqua regia. When heated in 
current of hydrogen it. is readily reduced to the metal. 

At high temperatures the sulphide apparently dissociates, leaving a 
•sidue of metallic plat inum. 

When hydrogen sulphide is passed into an aqueous solution of an 
Ikali ehlnr-platinite, a black precipitate of the monosulphidc is 
btsiued.,. 

Platinum Sesquisulphide, Pt 3 S 3 , is- stated • to result on oxidising— 
y exposure to air - Ihioplatinic acid, ll 2 Pt 4 S 8 , obtained by the action 
f dilute hydrochloric acid upon potassium thioplatinate. Upon 
lesieention at 120 '' C. it is converted into a grey powder, of density 5-52. 

1 is-readily reduced on warming in hydrogen, and when ignited in air the 
lulphur hums, leaving a residue of metallic platinum. Mineral acids do 
lot attack the sulphide, and even aqua regia reacts hut slowly upon it.. 

Platinic Sulphide, Platinum Disulphide, PlS 4 , is obtained as a dark 
precipitate, on passing hydrogen sulphide into an aqueous solution of 
platinum tetrachloride. It..is necessary to effect the precipitation at 
about 90° C., Otherwise coloured precipitates are obtained consisting 
most praJuib^ybiftluoplutmic acids . 7 1 

Platinic sulphide also results on healing chlor-plalinie acid, de- 
eoforised hydreatment with sulphur dioxide, to 200 ' C. in .sealed tubes . 8 

(Ihtaincd by either of these methods,platinum disulphide is a black 
deposit which readily oxidises . in air, yielding an oxysulpliidc, 
PtOS.rll/), and must tjierefore fie dried in an atmosphere of'an inert 
gas. lf ( stron'gly heated itt> the fast named it dissociates, platinum 
monosulphidc resulting; bqt when ignited in air, it burns, leaving a 
residue of metallic platinum. Acids attack it with difficulty, and it is 
relatively insoftr’ile vi nlkali sulphides. 

A Polysulphide, of formula PtS 16 (NH 4 )j. 2 lI 3 (!>, is described 9 as 
resulting on addition of ammonium polysulphide to ehlor-platinic 
%cid. It yicldsdarge, red, rhombic crystals which, wlien dry, arc stable . 1 

<* Davy* nu. May.. 1812, 40 , >27, 209, 350. ’ 

- Roessler, Zeilnch'.anorg. Chon., 1895, 9 , 31. 

" lX'villc and petiray, Com/ 1 *, retul., 18.19, 89 , 097. 

4 VauqucUn, .Ian. Ckim. i’hya., 1817, [if, s, 200. 

4 Battger, J, praU. Chem.; 1834, [i], j, 274. 

“ Schneider, I’ogg. Annaln, I860, 138 , 004. 

' Antony and lmochetri, GqfstUi, 1890, a 6 , 211. 

* Ooitner, Anmlen, 1804, 119 , ;,38. 

**, A. Hftfmann and HSfhtlen, Her., 1903, 36 , 3090." 


TlHO-p'fitUltM 

The two .sulphides of platinum unite with si.qiuae.s oi,ute aiKalf 
metals to yield complex substances known . thio-plaf mates. 'These: 
were studied mainly by Schneider , 1 who divided llienqinto two groups* 
represented respecti\ ely by the general formula Md’4*S 8 ami MJ’tjS^ 

Group I.—MjS.3PtS.PtSj or M s Pl 4 S 9 

Potassium Thio-platinate, K.Pt ,S 6 , is a crystalline powder obtained 
by heating together platinum sponge and six times its weight of a; 
mixture of equal parts of sulphur and potassium e irhenate. Density 7 
<1-44 at 15° C. ■ 

The Sodium salt,, \n 4 Pt 4 S 8 , has also been deseribed. 

Group II.— 2MjS.2PtS.PtSj or .M,l’t. ( S a 

The Sodium salt, Nii.,I , t !> S 4 . is described 1 as resulting on fusing a 
mixture of platinum sponge with twelve times its weight of an equal 
mixture of sodium carbonate and sulphur. It yields ml copper- 
coloured needles which are unstable in air. When boiled with water 
they decompose, leaving an insoluble residue of No J’t. t S u . ' 

Alkali Thio>stanno>platinates have also been described . 1 

Platinum Oxysulphide, PtOS..rII 2 0, is obtained by allowing tb di¬ 
sulphide in the wet condition to oxidise by exposure it, air at. about 70° 
to 1(H)" C. with frequent stirring. The product is washed free from sul¬ 
phuric acid, and dried at 100 1 when it results as a black powder. It 
is a powerful oxidiser, effecting the oxidation of hydrogen, hydrogen sul¬ 
phide and of sulphur dioxide in the cold. Ferrous salts are oxidised by 
it, <ui warming, to the ferric condition, and oxalic acid to carbon dioxide. 

Platinum Sulphite.— When sulphur dio.Jde is passi^l into an aqueous 
suspension of hydrated platinum dioxide, a colourless solution is 
obtained, from which, however, it does not seem possible to obtain flic 
sulphite in a definite form . 3 

Numerous double sulphites and double chlor-sulphitcs of platinum 
and the, alkali metals have, hoSvever, .been described . 4 For details of- 
these the reader is referred to the accompanying references. 

Piatinic Sulphate, Platinum Ditulphate, Pi(SO^. ■platinum sponge 
dissolves in concentrated sulphuric aeiif at about a ) 0 (> and the 
solution assumes a yellow colour in ccAsequcnee of the solution 
platinum disulphate, bt(S0 4 )j . 5 

The UtrahydnUf, Pt(.S0 1 ) i .4ll a 0, is deposited from ,,oiu>ion • wnens 
an alternating current is passed through platinum electrodes immersed 
in sulphuric acid of density 1-840. On repeated reorganisation frfljfp 

f, 1 Schneider, Pagg. A»naU.n, 1869, t§b, 105; 1869, 138 , 604; J. prat I. i'lum., 187^. 
[ii], 8 , 29; 1899, fill, 48 , 411. I K. von Meyer, J.jirakt. Vketn., 1877, fill, 15 , l.y 
, i &<!<> Litton and SdiiiWde. Aianr., Annalrti, 4812, 42 , 216: ./. praLl. 'Jhcm,, 

I'ifol, [i], 83 , 410; SchottWnder, Annalln, 18001 140 , 200; Himhaum, Annak> : 1*88* 
‘I 39 , 164; I860, 152 , 137; *4871, 159 , 110. ■' - 

* See Liebig, Antflen, 1837, 23 , 23 ; •hang../. prakt. (‘him., |S01, [i], 83 , 415 ; IlirnW 
iLaum, jlnmifen, 1866, 139 , lA; ’S89, 152 , 137; 1871, 159 , 110. 

' * Delaine, Compt. niui., 1905, 141 , K)13. 
m 4 Stuchlik, Der., 1JKK, 37 , 2013* .\fargulos, Wicd. Anmkn, t898, 65 , 029; 1898, 
66. 540. ■■ 



%r$a inxacuo, tie salt is obtained in the form of large, orange leaflets, 
•These a<*e very sftvble so long as they contain a trace of free^iflpnuric 
acid; but when quite pure they lose ‘water ilpon prolonged exposure 
in *i desiccator, yielding the anhydrous salt in the form of pretty cry.stalli, 
exhibiting a green metallic reflex. t , 

Both salts ar# soluble in water, the hydrated one yielding a yellow 
.solution which deposits a brown basic salt wi warming. 

Basic Sulphates. *Uydrated platinum dioxide dissolves slowly in 
50 per cent, sulphuric acid, and from the station a basic sulphate, 
PlOj.SOj.tll/) or l , t( 0 II) 4 .lI 8 S 04 . 1 I, 0 , separates out in orange- 
yellow microscopic needles on addition of excess of acid in the cold. 
The salt is hydrolysed by water. Heated to 100” C. three molecules of 
wafer are lost, the residue having the composition Pt0„.lI 2 S0 4 or 
II 2 Pt() 2 .S0 4 . 

When dissolved in sulphuric acid, platinic sulphate is reduced by 
oxalic acid, yielding a complex sulphate of trivalcnt platinum, namely, 
Pt a (0H) a .(S0 3 ) 4 .(0U) 2 ,8'5Ifj(). This yields well-defined triclinic 
prisms which gradually lose water when dried over sulphuric acid under 
reduced pressure, yielding a stable complex, Pt 2 0 ;i . (S(i ;j )j. I LSD,,. ULO. 
This acid is dibasic, and yields crystalline potassium, sodium, and 
barium salts. 1 

PLATINUM AND SELENIUM 

Platinous Selenide, Platinum Monoselenide, PtSe.~ Berzelius ob¬ 
served that platinum and selenium unite, when heated together, to 
yield a grey, refractory selenide. Boessler 2 obtained the monoselenide 
by igniting an'intimate mixture of platinum powder and half its weight 
of selenium under a layer of borax at a temperature approaching the 
melting-point of gold (eiVea*1062° l .). 

The product, is a dark grey, brittle substance, breaking up into 
shining leallets \yhcn struck ..lightly. 

With sclenidps of the alkali metals and of tin, complex seleno-stanno- 
-plutinatcs'lmw been obtained. The general formula M 2 Sc.SnSc 2 .3PtSe 
or M 2 SnPt a Sc# is given to them, analogous to that for the thio-slanno- 
plalinates, M!SuPt 3 S c . 

Platinum Triselenide, PtSe s ,Jios bean obtained as a black, floceulcnt. 
precipitate by reduction with formaldehyde of a solution of an alkali 
chlor-platinnte hi the presence of a selenite and an excess of a’lKali.' 3 

The reliction may be represented as follows : 

K 2 PtCl, -|- !3Sc0 2 + 81I-CHO -|- ISKOH 

51 ' =r PtSe 3 + 0KC1 + 8H-CO0K + 10ILO. 

Upon heating to dull redness in a current of carbon dioxide, platinum 
.triselenide is converted into the diselenide, PtSc 2 , which is left as a 
’greyish black powder. 

PLATINUM ANI) TELLURIUM 

< o 

Platinum Subtelluride, Pt/l’c.—On heating the monotelluride in the 
blowpipe for a sheet time a product 2 "is obtained eowespontiing to the 
formula Pt 2 Tc. 1 

1 Blomiil, .Inn. Chim. Phys., 19(in, [eiii], 6, 81. 

a Ro-wler, Ztitath. nn^rrj. C\cm., tSila, g, 31. 

1 Miami, Alii It A ax. I. Linux 1909 [v], >8, ii. ISO. 


PLATINUM AND ITS ffl Wi 

!.’ Monotelluride, PtToA*On fusing the Jitelluricjp in*the 

blftwpipy flame and then ailovvirg'it to cool, plutiiflun monotelluride 
crystallises out in polylicdra. 1 , » • ■ 

il may also bs obtained by heating an intonate mixture of finely, 
divided tellurium (in.) parts) and platinum (laO'part#) in a glass tube 
juitil eombinution takes place. Tire tube and its molten contents are 
now melted together and dropped into cold water. Tire telluride tlicKf* 
yields quite good AystaV * * 

Platinum Ditelluride, PtTc 2 . results on heating nn‘intimate mixture 
of finelydivided platinum with a slight excess of tellurium abuse that 
theoretically required. 1 The product, is treated with eoneenlratal 
potash solution to remov e excess of tellurium, and the telluride remains 
as a grey, crystalline, insoluble powder. 

When platinum is dissolved in a great, excess of molten tellurium 
•Aider borax and the mass allowed to cool slowly, the ditelluride 
crystallises out in oetaliedra and may he separated from the excess of 
tellurium by treatment with cold, dilute nitric acid. 

Platinum ditelluride is but slosvlv attacked by boiling nitric acid, 
whilst boiling potash solution -s without action upon it. 


PLATINUM AND NITROGEN 

Nitrosyl Derivatives. On dissolving platinum in aqua regia a nitro- vl 
derivative, termed uilmnijl clil.u-pluthitilc, (NO),Pl('l (1 i>c Pl(’l l| .g\()t , l, is 
obtained along with more or less of hexaehlor-platinie acid, ll„PtCI # , 
according to circumstances. 2 It, is a brownish yelhiv,* dcli<pi(>sccnt. 
substance, which dissolves in water, evolving nitrous fumes. When 
boiled with hydrochloric acid il flccomjiflses, yielding cblor-platinic 
acid. Hence, in preparing this latter sub.lance from scrap platinum 
for laboratory purposes, the solution of ’rtic metal 411 aqua regia is 
repeatedly evaporated to dryness and taken up with liydroehlorie aeid 
in order to ensure complete removal of this nitrosyl derivative, 
yf ■JVitrosyl Brom-plutinate , (N(.)) 2 PtlIr„, is formed in an analogous 

<mer to tile preceding eonjpound. namely, by dissolving plalimini'in 
Solution containing nitric aiuHiydrolyoinie acids. 

• < t, 

Tetranitroplatinites or Rlatincnitrites, -MJ’ltfdb), 

Althougli platinum nitrite has not bajp isolated, double nitrites 41I 
formula M 2 Pt(N0 2 ),, analogous to the tctraolilorp^umites, M 2 Ph:I,, 
are known. They are derived from Tetranitroplatuioe-r Acid <>r Hydro* 
gen Tetraniteroplatinite, II 2 Pt(NO ) 4 . which,is obtained m solution 
on decomposing the barium salt vvifh dilute sulphur:!, acid in the cohC' 
On concentrating in vacuo , small rctl crystals are ’obtained whidfl 
dissolve ‘in water tb yield a yellow, unstable' solution*, The most 
important salts of thi* a<;»d art: . - • 

• ‘Amnfoniiun Platinonitrite, 3 ‘,(NII 4 V 2 Pt(N0 2 ) 4 .2lI 2 0, vvhieh % is ob¬ 
tained in solution by Rouble decomposition of solutioas of ammofiiuru 
chloride and the stiver sal|. Upon evaporation it crystallises ii^colourless 

1 Roesaler, ZeiUtch. anory. Chem « 1SOJ. 15 , 405. 

;. * Rogers and m*r.J• Set., 4 84(f. 38 . 180 ; 1840,39.300; Wobcr, Poyg. Annalen 

t$Q7| 441. * 

*/- prakt. C’-iem., 1801, [U. 83 . 415. - 
I ?rlim 1877.liil a?. W!?. 





>or iaint4y yciio\\rhoniiHc prisms? Which arc stable in air bntjbrffur 
anhydrous in vnnio? Upon heating, it decomposes with cflnjjiderab 
violence, the mass becoming incandescent and swelling considerably 
leaving a bulky, mass ^of platinum sponge. 

Potassium Platinonitrite, 1, s ' 3 K 2 Pt(N0 2 ) 4 , which may be prepare 
;by adding potassium nitrite to a solution ^of potassium chlor-platinit 
in the requisite proportions. Upon cooling the salt separates out i 
colourless monoclinic crystals which arc anhy dipus. Upon rccrystallisa 
■tion from pure water, the dihydrate, K 2 Pt(N0 i ) 4 .2H 2 0, is obtained it 
rhombic crystals. . 

Silver Platinonitrite, 1 3 Ag 2 Pt(N0 2 ) 4 , which is most conveniently 
prepared by addition of silvqr nitrate to a solution of the potassium salt 
It crystallises in yellow monoclinic prisms, and is a useful sturting-poin 
for the preparation of other platinonitrites (see the ammonium salt 
above). , 

In addition to the foregoing, the following platinonitrites have beer 
described: 


Group A. Monovalent Metals 

Ctrsium, 1 Cs 2 Pt(N0 2 ) 4 .—Colourless prisms, stable in air, and but 
slightly soluble in cold water. 

Lithium , 1 - 4 Li 2 Pt(NQ 2 ) 4 .3lI 2 0.—Brilliant prisms, inclined to 13c 
deliquescent, and losing the whole of their combined water at 
100° C. 

Rubidium, 1 Rb,Pt(NO_) 4 .—Resembling the potassium salt. It can 
also he obtained in rhombic or hexagonal prisms combined with 
2 molecules of water. 

Sodium , 1 - a> 4 Na 2 Pt(N0 4! ) 4 .—Flattened prisms, permanent in air, 
soluble in water. 


‘‘ Group' ll. Divalent Metals 

Barium, 1 -# BaPt(N0 2 ) 4 .311,0.—Yellow prisms becoming anhydrous 
at 100° C. 

(\idmium, 1 CdPt(N0..) 4 .3lI 2 0.—Oblioue prisms, stable in air. 

Calcium , 1 CaPt(N0 2 ) 4 .511,0.-Yellow prisms, stable in air; coir 
pletely dehydrated at 10tV C. , '' 

Cobalt , 1 Ca! > t(N0 i ) 4 .'8II 2 0.—Red prisms, permanent in^air, bu 
decomposing at 10(U C. 

Copper , 1 CuPt(N0,) t .3lW).—Fine, green needles, soluble in watei 
A basi.'jjalt, 3CuPt(N0J 4 .Cu0.18II 2 0,ihas also been obtainei 
as yellow!,,crystals. 

Lead, 1 PbPt(N0 2 ) 4 .8H 2 0.— Stable, yellow prisms, which becorw 
anhydrous at 100° C. 

Magnesium , 1 MgPt(N0 2 ) 4 .5H 2 0.--Elongated prisms, stable in aij 
and at 100° C. 

Manganese MnPt(N0 2 ) 4 .fH 2 0.—Prisms of pale rose colour whicl 

. • darken to brown in air and at 100° C. eyolve nitrous fumes.’Q 

Nickel , 1 NiPt(N0j) 4 .8lI 2 0.—Stable green prisms, which decompose 
sC 100° C." " K 

. 1 Nilson, Hull. Soc. ciitn.,1877, [ti], a7, 242. 

* Vi>zo 8 , Ann. Chim. Phyt., 181’3, [vi], 29 , ,145. 

* s Uni J - pmU. Clem., 1861, [i], 83 , 4151 

* Topsof, Zeilsa'., Krytt.'ft!in., 4 , 469. 



ffirytffum, 1 ' *,$rPt(NO a ) 4 .3Tl 2 ?) - Ye!!o\v crystalsJstable ali^feSf 
logins; 2 molecules of wafer at, 100'’ C. - v ■ ■ 

Zinc, 1 ZnPt(N0 2 ) 4 . 81I t O.—-Colourless prisms. 

Halogen Nitroplatinites, M a Pt(XO,) 4 r X.,. -,Serit^ of salts Have' 
been obtained in which the negative radicle contains both the nitro* 
group and halogens. The '•alts form interesting intermediaries bet wcejji 
the tetrauitro and^tetr/ ’aalogen nlatinit.es already described. They arc- 
stable, and occur in w tl-dc(imd crystalline forms. The best known* 
salts 3 are the di-iodo di-nitroplatinilcs of : 

Aluminium, Al,[ Pt(NO a ) a . I 2 ] 3 .271 Id); 

Ammonium, (Nir 4 ),l > t(N , ()„) 2 I...211.0; 

Barium, BaPt(NO.,)„I„. Hl',0 • 

Cm.sium, N T (> 2 ) 2 I 2 .21 f a 0 ; 

Calcium, CaPt(N(),)..I a .(iII 2 0; 

Cobalt, C oPt(\(),) j.'.8lf 2 0 ; 

Lithium, r,i 2 Pt(X(j 2 )'r 2 .iiIl.,(); 

Magnesium, Mgl’t(.\().,),..sII..O; 

Xicket, NiPt(N() 2 ).,l 2 .sli,0 
Potassium :'• 5 K.,Pt(N T 0 ; ) j 2 .2lLO ; 

Rubidium, Rh.d’HNO.,).,. I„.2ll,,<); 

Sodium * Na 2 Pt (X() 2 ).,l .*11 1 X) j 
Strontium, SrPt(X0 2 ) 2 l.,..SlI,0; and 
Zinc, ZnPl{\<),) 2 I 2 .SlL,0. 


Iron yields two salts, namely : 

Ferrous, l<'ePt(N0,),I,.8ll.,0 ; an s' 

Ferric, l'e 2 [Pl(N , 0 2 ),I 2 ] ;i .(ilI,0. 

Lead and mercury yield basic salts. PbPl(NO 2 ),f,.Ph(0H) 2 and 
2lI« 2 Pt(NO a ) a I a . ilg 2 C). till ,(). 

Potassium mono- and duddornitroplutinites, KTPt(N0.,).,C1.2l-I a 0' 
•and K 2 Pt(N0 2 ) 2 CI 2 ; * 

Potassium mono- and dibromnitroplaiinitrs, K 2 Pt(X(’ 2 ). 1 Br.2jl a O 
and K„Pt(N0 2 ) 2 Br 2 .II 2 0 have also been prepar'd. 4 

• 

Halogen Nitroplatinates, SP^Pt^NOj), *-X x .-—These salts are inter¬ 
mediaries between the hexahatogci, platinytes and »ilie* hypothetical, 
licxanitfoplatinates. 'flic best-known (Jjrriv .live* art 1 the following 
potassium salts : 

Dichhrnjtrnpla'inate, K 2 Pt(XO,) 4 (!l 2 ; 

TrichlornitropUhinate, K,Pt(N0 2 ),C ? ; 

PentaphlormtropUdinatc, K a Pt(N0.,lC' u .II 2 ( ), 

Dibromnitroplatinate, Iv.,Pi(N0 2 ),Br 2 ; 

Tribromnitroplaiinate, K a Pt(NO a ) 3 Br ;1 ; 

Tetrabromnitsoplatinate, K 2 Pt(N0 2 ) 2 Br 4 j * 

Tetra-iodonilroplntinalc* K a Pt(N0 2 ) a I 4 ; 

Fenta-iodonitroplatinate, I£ a Pt(Nl) 2 )I s . 

1 Nilaon, Bull. Soc. chim 1877, fii], 27 , 242. 

* Topna'e* Zeitfirfll Kryxl. if in., 188C4 4> 460. - « 

i Nilspn, J. prakt. Chern ., 18&d, [lij, 21 , 172: Bull. 80 c. chtm. t 1879. [ft], 31 , 369« 

1 Vdzes, Ann. Chhn.Phys., 1886, [vft, 29 , 145. 

► Groth, Zeilsch. liry&t. Min., 1SW0, 4 * 492. 



m rtOMLT.VICKJIL. AND ELEMENTS OF PLATINUM CfcOtJP 


PLATINUM AND BIIOSPHORUS 

Plat inurn appears 1 to Combine with ])liosphorus in several different 
proportions, butt f llie state of our knowledge on tlus particular braneh 
is not altogether satisfactory. 

«... When platinum is heated to whiteness with yellow phosphorus in c? 
Hessian crucible, fusion takes place and, when the expcsS of phosphorus 
has burned off, a brittle mass of empirical formula I‘t.jP 5 is obtained 
on cooling. 1 The same substance icsults 2 on heating platinum in 
phosphorus vapour in a cufrcnt of carbon dioxide. The temperature 
is 'raised to the point necessary to start the reaction, and the friable 
residue of Pt ;! P fl remains behind. 

Presumably this is not a definite compound, but a mixture of 
monophosphide and diphosphide, namely, 2PtP 2 PtP. » 

Platinum Subphosphide, Pt 2 P, is obtained by submitting to pro¬ 
longed roasting in a muffle the above-mentioned complex, Pt 3 l* 5 , until 
constant weight is attained. 1 It is a malleable substance, soluble in 
aqua regia. 

Platinum Monophosphide, PtP, was presumably obtained by 
Pelletier if, 1792 3 as the result, of beating platinum and phosphorus 
together until the metal had absorbed MS per cent, of the phosphorus. 
The same phosphide is also obtained by boiling the complex Pt 3 P-„ 
mentioned above, with aqua regia for many hours, whereby a residue 
of monophosphide is obtained, the diphosphidc passing into solution. 1 

Platinum Diphosphide, PtP 2 , results when phosphorus vapour and 
carbon dioxidb are passed over spongy platinum below red heat. 2 

Davy 1 obtained a product of empirical composition, I’t.,1’,. by 
heating platinum and phosphorus together in vacuo. It was insoluble 
in concentrated acids, and in this respect resembled the monophosphide. 
It may simply Jja ve been mixture of 2PtP -f PtP 2 ; on the 61 her 
hand it may possibly indicate the existence of a definite compound of 
that formula., 

•Various compounds of platinum diehloride wi'h phosphorus tri¬ 
chloride and 'wit h phosphorous acid have, been prepared. 5 


PLATINUM ‘AND ARSENIC 
^ <• 

An arf'enide of platinum, PtAs 2 , occurs in nature as the rare mineral 
sperri/litc, and may be formed in the laboratory by heating platinum 
sponge with ex^yjS>' of arsenic, when the two eleA'icnts finite with incan¬ 
descence. '■ 

A few arsenics have been obtained. 6 

1 Clarke and Jostin, Amcr. Chrm. J.. 1883, g, 231. 

* Granger, Compt. raid!, 189(1, 123 , 1284. 

* Pelletier, Ann. 13 , 101. 

* E. Davy, Tillorh's Hag., 1812, 4 c, 27 : Schu-eiggcr'.. 10 , 382. , . 

* SeHUtzewberger and Fontaine,, liitil. Sue. •Chitn., 1872, JfiiJ, 17 , 482 , 529; 1872, J 8 , 
101, U 8 ; Cochin, C’ompt. rend., 1878, 86 , 1402. 

: • Tivoli, Gazzefta, 1384, 14 , 487; UibbB, Amcr. ('it*. J., 18£3, 8 , 2E3; Reichard, 
8er„ 1894, V 7 , 1019. 



PLATINUM AND ITS 



PLA'tilNUM ,\N1) antimony 

With antimony platinum yielils two simp! •compounds, namely 
JPtSb 2 and PtSh. A third compound, Pt 5 Sh a , appears also to he formed 
from alloys rich in platinum, when maintained Several hours at 
l>H° t\ 1 : 

Platinum Di-aptimouide, PtSb 2 , is obtained.in the form of 
hexagonal (( hristollle) if octahedral (Hoessler) crystals uptfh igniting 
a mixture of powdered antimony with platinum sponge. 2 

It is a hard substance which readily blackens upon heating. 


PLATINUM CARBONYL DKHIVAT1VKS 

Carbonyl Chlorides.-»<-By the alternate passage of chlorine and 
carbon monoxide over platinum sponge at 250'U.. or simply by passing 
carbon monoxide over platinous chloride at the same temperature, a 
yellow sublimate is obtained consisting of a mixture of platinum 
diebloride dicarbonyl and sesquicarbonyl, namely, PtCl s .2C() and 
2PtCf,.3CO respectively. The sublimate melts at about 150° C. to a 
red liquid, and upon heating to approximately 250° C, IOSes carbon 
monoxide, yielding the monoeai^onyl. PtCL.CO. 3 

Monocarbonyl Platinum Dichloride, PtCL.CO, obtained by healing 
the di- and sesqui-carbonyls to 250° ('.. yields golden yellow crystal 
melting at 195° C. to an orange-red liquid. The cry.-, I ils are iivgro- 
seopie and are decomposed by water, the main reaction consisting in 
the deposition of platinum and liberation of carbon dioxide and hydro¬ 
chloric acid : thus 3 : 

PtCL.CO I I1..0 *C(), r*Pt +2IIC1. 

This* reaction cannot, however, represent the whole of the changes 
taking place, since although on adding a drop of wafer to crystals of 
the monoearbonyl derivative a black deposit is obtaifiejl, the deposit 
is soluble both in concentrated hydrochloric acid and in concentrated 
nitric acid. *It cannot, therefore, be merely platinum. . *• 

When heated to 300° C. tHe garbonyl decomposes, yielding platinum 
and phosgene, C0C1 2 . . • 

Cavlwwiyl platinum dichloricfe has a d'stiuctly Ifaxfe character. If 
dissolves in excess of hydrochloric and tom lemon-yellotv solution, due, 
perhaps, to the formation of a soluble ljydrochloiidc, Pi Cl,*. ('0.11^1. 
This solution is.a powerful reducing agent, effecting the reduction of 
silver, gold, and mercery from their salts. 4 Theiniondearbonjl unites, 
with solublcunetaflie* chlorides, such as those of thO alkali*metals, to 
yield yellow, crystalline double sails. Thcpe, however are so readily 5 ; 
soluble and so cos 'y decomposed that their satisfactory isolatioi. hft! 
proved difficult. vjlMtn the chlorides of certain ptganic bq$es, however,' 
well-defined compounds itave been obtained. 4 * . ,‘i 

‘ ’Sesquicarbonyl Platinum Dichloride, 2PlCJ t .3CO, resultY.m ^eating; 
the diearbonyl to 250* C. in a current of carbon monoxide. It'niay 
1 Friedrich and J&oux, Mtlelh'gie, 1909, 6, 1. 

1 Christofflo, Rechtrches /.ur ItAmmhinginons dr. I’antirumve, Ootuni'en. 180B: Koenlcr 
jUch. anorg. Chem., 1895, 9 , 31. * • 

Sehiitzenberger, Ann. Chim. /•?>)/.»., 1870, [ivl, 21, .’ifljj. 

Jiyliusand Focrste>, Bet., 1891, 24 , ( 2 l 9 t, 
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" J ^ ' v' r: " ,.,.... 

Palsijbe obtained by extracting tht gaixed carbonyl derivative* 
from parsing ear»oi\ monoxide over ptytinous^hloride, with*h<jt carbor 
tetrachloride, in which it is more readily soluble, and evaporating the 
resulting solution, at Crystallises in yellow needles, which melt at 
180° 0. At 2fly° €.* it ioses carbon monoxide, yielding the mono' 

. carbonyl derivative. 

«... Dicarbonyl Platinum Dichloride, PtCI 2 ?2CO, is obtained by heating 
thevoHrfKigarbonyl to*150° C. in a current of carbon monoxide. Upon 
sublimation in the gas it yields colourless needles melting at 142° C. tc 
a yellow liquid. If raised to the melting-point in air, carbon monoxide 
is evolved. The residue solidifies and melts again at 190° C. A little 
above this temperature further decomposition sets in. 

Dry hydrogen is without action in the cold, but at the melting-ppint 
the compound is at once reduceel to the metal. If the hydrogen is 
burned the flame becomes luminous and, if«*nade to impinge upon’n 
cold porcelain surface, deposits a black film of platinum. Dry chlorine 
has no action until <so° or 90° C., when the compound fuses. 1 

The dienrhonyl is decomposed by water, the chief reaction being as 
follows 3 : 

rta.2Co + ii 2 o = co 2 + co + pt + 2iici. 


Diphosgene Platinum Dichloride, ’PtCl 2 .2COCl 2 .—This compound 
was obtained by Pullinger as a non-volatile residue after passing 
streams of chlorine and carbon monoxide alternately over spongy 
platinum at 250° C. It is a yellow, crystalline solid, stable in dry air, 
but. slightly deliquescent. It readily dissolves in water, but is recovered 
unaltered upon pvaporption. When strongly heated it yields chlorine 
and phosgene together with a residue of metallic platinum. 

Carbonyl Platinum Dibmmide, v’tlJr 2 . CO, was prepared by Pullinger 1 
by passing a slow stream of dry carbon monoxide over platinum 
dibromide gradually heated, to about 180° C. '■ 

It is also prepared l>‘y evaporating a solution of monocarbonyl 
platinum.diehldridc in hydrochloric acid on the water-bath in a current 
of hydrogen 'bromide. Upon recrystallisation from benzene it yields 
brengc-rcd crystals, entirely free from platinum and plat hums bromide. 

• t . The crystalline needles melt at 17J-7® C. 4 They dissolve in water 
to a rod solution, which, howevA-r^almost instantly blackens, the black 
•deposit, howevcV, being soluble in hydrobromic acid. r « 

When melthd in a currant of carbon dioxide it yields platinum 
djbromidh. , 

With bromides of the alkali metals, etc., it fields .a series of crys¬ 
talline double s’Mts. 3 , 

? Monocdrbony!Platinum Di-iodide, PtI 2 .CO, is obtained 3 by adding 
dpute hydriodie acid to a solution of the carbonyl platinum diehloridc 
iu hydrochloric acid: v . 

v- PtCl^CO 4- 2III == PtI 2 .CO + 2ffCl. 

.A brick-red, amorphous precipitate js obtained'. This is ptlrifiecPbji- 
^solution iri“hnd recovery from hydriodic acid and subseauent recrystafli- 
{Sation from benzeq/e. 

* Pullinger, Trans. Chtm.Soc., 15!)I,. 59 ,698. 

a Schdtzonliergor, toe. cil. ' 

* Mylius and Foerster. Krr., 1891, 24 , 2424. 

* Pultmger, lac, cit. an«J Foorjfer give 18!” to t$2*0. 



\ .* IffTrwt^jjdso be obtained by cvapwtotir.g the mixed caVbonyt'deilyiil 
f iv£s, obi*lined by Schiitzhibergeri- method, with coycafitrated HAdriodio 
acid,.and recrjstallising from benzene. ^ 

It yields red crystals, exhibiting ft violet shimmer. They men at 
5-40° to 150° C., and decompose as the temperature* is still further 
raised. They arc decomposed by water rather slowly, whilst, idklilies 
liberate metallic platinum. * 

With potassiunY iodiij a double salt, PtI a .(X).KI, is njiitainad as 
yellowish brown scales, which melt at 150° to ISO 0 C. with decomposi¬ 
tion. Other salts have been prepared, both with inorganic and with 
organic iodides. 1 

Carbonyl Platinum Monoxide, PtO.CO, is presumably obtained 
when the hydrochloric acid solution of the carbonyl platinum dichloride 
is stirred into an acidified solution of ammonium acetate. 1 The liquid 
becomes violet in colour, and then deposits a bluish black, floeculent 
precipitate of what is presumably the carbonyl monoxide. 

It is soluble in concentrated hydrochloric acid, yielding a yellow 
solution of the carbonyl platinum dichloride. With alkalies it reacts 
as follows : 

PtO.CO + 2;\ T aOII = Pt -|- NaXOj -[-11,0. 

• 

Stable in vacuo and in air, even tin gently warming, it decomposes with, 
slight explosion at :50!)° to 400° (\, yielding metallic platinum and, 
carbon dioxide. 

Carbonyl Platinum Monosulphide, PtS. CO, is thrown down as a 
brown precipitate when hydrogen sulphide is passed into a solulkm of 
carbonyl platinum dicliloridc in hydrochloric acid 1 „ • 

PtCIj.CO + II 2 S . PtS.CO + 2IIC1. 


It i%an unstable substance, decomposing in vacuo, and burning with a 
slight explosion when heated to 000° or 400° C., yielding platinum, 
sulphur, «and oxides of carbon and sulphur. * 

Carbonyl Platinum Thiocyanate, Pt(CNS),.CO.—A ^louVlc salt of 
this substance with potassium thiocyanate,namely,Pt.(CNS) 2 .CO. Ktj^JS, 
is obtained *’by adding a sqjution of [xilassium thiocyanate to pne of 
carbonyl platinum dichloride ir# hydrochloric acid until the precipitate; 
first formed is redissolved. J0ip evaporation in the cold it crystallises; 
in yclloif needles, which decompose on warming with jrater. 

Platinum Thiocarbonate is obtained ir# combination w ; th ‘i molecules 
of ammonia, PtCS 3 (Nil J ) 2 .II 2 0, by crystallisation Jropj a mixture of 
potassium chlor-platiitite, concentrated ammonia arm carbon disui-J 
phidc. 2 It. fields refi needles, itu^ilublc in cold walcr, anfmonium cp 
sodium hydroxide. Exposed over sulphur^ acid in micuo it beconii^ 
anhydrous. 


PI^VTINUM .AND CYANOGEN 

Platinum Diqyanide. Platincyit Cyanide, Pt(CNJ 2 , appears to nave^ 
tieeh first obtained by Dc&jereincr 3 as the result of heating mercuH|i 

• • 

1 Mylias and PqpratSr, toe. eit. 

2 K. A. Hofmann, Zcitach. anor t ff. Chtm* 1807, 14 , 283. 

*,.D'^boreiner,_4«nafe>i I 250. 





P goUAM* NICKEL, AND ELEMENTS OF PLAtEJUM GROW 

pl^tinoeyanide, HgPt(CNJ 4 . Itpfclso results on treating the tffiujil 
potassi&m salt, It,Pt(CN) 4 with chloride, 1 ancLky heating thefaqpmonhir 
salt, (NM 4 ) 2 Pt(CN)vto 200° C. 2 or 300° C. 3 When mercuric cyanjde i 
' added to a solution of ah alkali chlor-platinite, the liquid is decolorised 
and platinous Cyanidh is deposited as a pale yelbw precipitate. 4 Prc 
pared in these ways, phjtinous cyanide possesses a yellow colour, 
.insoluble m alkalies and potassium cyamdfi, for which reason it canno 
he usciLyi preparing‘platinocyanides. Whety heated it burns, yieldin' 
metallic pfalinum. 

A soluble form of platinous cyanide is obtained as a yellow precipitate 
by decomposing a solution of a platinocyanide with sulphuric acid. II 
dissolves easily in alkalies and in potassium cyanide solution, but is 
usually contaminated with small quantities of sulphate. 

Cyanoplatinous Acid, lI 2 Pt(CN) 4 , may be prepared by decomposition 
of its mercuric 6 or cupric 8 salt suspended in water by a current fel 
hydrogen sulphide. On filtration and evaporation bluish black prisms 
are obtained, which deliquesce on exposure to moist air. The salt, is 
easily soluble in water, alcohol and ether. At 100° C. it decomposes 
into platinous cyanide and hydrogen cyanide. Sulphuric acid converts 
it into platinous cyanide. The aqueous solution reacts strongly aeid, 
decomposes carbonates, and has an acid taste. The alcoholic solution 
deposits a mirror of platinum on the containing vessel when heated. * 

Cyanoplatinites or Platinocyanides, M 2 Pt(CN) 4 

Cyanoplatinous acid, like chlorplatinous acid, yields a scries of well- 
defined salts of general formula M 2 Pt(CN) 4 . By analogy they should 
be termed cyanoplatinites, but it is more usual to refer to them as 
platinocyanides. The salts definitely contain the negative radicle 
Pt(CN) 2 ", and are not, therefore, mere double salts of the type 
2MCN. Pt(CN) a . They may be obtained by neutralising the free,acid 
with their corresponding liases, but the method is not convenient. It 
is more usual tci prepare them : 

(1) B/ doieble decomposition of the metallic sulphate with barium 
' platinocyanide solution. Thus, for example, the magnesjum salt, was 
■ first preparedly Martins as follows : 

MgSG 4 ■ | BaPt((’Ny, MgPt(CN) 4 + BaS0 4 . 

« 4 VS 

(2) By precipitation of the metallic platinocyanide, when 'msolublc' 
in water, .by double* dceompdfcition of a soluble salt of the metal with 
potassium 1 platinocyanide solution. In this manlier Martins obtained 
the copper salt < , 

, t uStXi F K 2 Pt(CN) 4 - CuPt(CN) 4 4: K 2 S0 4 ., 

;' ,,(3) By waruvug platim^i salt solutions with alkali or alkaline earth 
cyanides and allowing to ctystalli.se. In this manner the potassium 
salt, the first platinocyanide to be obtained, naiheky, by Ittner, was' 
'prepared: , „ * v 

k f 0KCN h PtCl 4 = I^Pt(CN) 4 + 4KC1 + (CN) 2 . 

P * 

1 Knop, Anrnlen, 1842, 43 , 111. 

* Sohafnqk, J. praktt Cheat., 1855. 66 , 38£ 

* Martiusi Uebcr die Ct/anverbiniungen den Platihmetalle, Dissertation, GSttingcn, 

“ItSSO, p. 30; AnmUt, 1801. 117 , 357. • * ■ 

J dossier, Zeilseb. Ottem x 1808, p. 175. 1 Dbebeseiner, toe. eil . 

4 Quadrat, Anudie.., 1817, 63 , 164^ ' 
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; . | (^VA more recent method consists in passing an'alteroatiiVg electjk!? 
current fh1*ugh platinur^ electrode? immersed in aqqpous seditions* of 
the cyanMcs of the alkali or alkafinc earth metals. 1 * • 

The platinocvanides are an interesting sUt dt salts, lvmarkablfe, 
gmongst other of their properties, for the tenacity with which they 
retain the electronegative metal (])latinum) and disguise it to ordinary 
fusts. Concentrated nitric ivr hydrochloric acid’ alone or mixed, in the 
cold or on boilmg, f extracts no platinum from them. Even conceit-* 
trated sulphuric acid unit liberates platinum cyanide with mfllcnTty. 8 

The platinocvanides yield very beautiful hydrates. The magnesium 
salt is an excellent, example. It yields, u|*on slow evaporation of its 
solution, large regular prisms which appea- deep red h} transmitted 
light, but viewed by rellocted light the sides of the prisms exhibit, a 
brilliant beetle-green, and the extremities a deep blue or purple. This 
i.s # thc hcplahydrale, MgPt(CN) 4 .7lI J 0. When gently warmed, even 
under water, the crystals become yellow, which colour characterises the 
tlihi/ihiilcd crystals deposited from solution at la to 50° C. 

homerixm. In an interesting series of memoirs. Levy 3 has shown 
that certain hydrated platinoeynnides, notably those of barium and 
calcium, exist in two modifications, having the same chemical composi¬ 
tion and crystalline form, hut exhibiting a remarkable difference in 
tlg'ir optical characters, differing*in colour and in the intensity of their 
fluorescence. The barium and calcium salts show this most distinctly, 
and the cerium salt only to a small extent. Other platinoeynnides do 
not show this at all. 

It is not. easy to account for this isomerism aeeording'to the ordinary 
methods of representation of the structure of the pleJinoeyimides. 
Since samples of anhydrous barium plat inoeyanide, derived from the 
isomeric tetrahydrates respectively,«ure equally fluorescent, it seems 
fairly certain t hat any scheme must take into ' onsideration t he combined 
wateft Levy therefore suggests that the isomerism of the tetra- 
hydrale may he accounted for hv assuming I ithI two nffiieeulys of water 
are attached to the barium and two to the platiuoefnnidc.radicles, 
since, in the ease of the latter radicles, two alternative positions are 
possible, namely: , 


MO 

• . 

• 

no 

CM 1. CM 

• 0 

• 

CM . 'CM 

* / 1 * / 

L / 

dnd 

* / / 

CM ~ J CM 


cm r cm:- 

_» K 0‘ 

• 

*T ® 

CM 1 


• P ** 

It is conceivable that, the (l4>r asymn/trieal fyrm may +ie incapable 
ofihat movement undl*r the stimulus otthe incident nttliulions which, 

• , • • « • 

l Broohct and Petit, Bull. Soc. chim., 1904, [iii], 31 , 659; Ann. (.'him. Vhyt., ^904, 
■ v iii], 3 , 460; Tierthclflt, Comjit. rend., 104)4, 138 , 1130. 

* Hadow, Quart. J. Chcm. Koc.jih&l, 13 , 106. . 

►I Lovy, Studies on Platinocyaniiks, Doctorate Tin-sis, London University, 1012; 
Trait. Chem. Soc., 1900 , 89 , 125; 194)8,93,1440; 1912, ioi, 1081 *; Proe. Camb. Phil. 
1907, 14 , 159'; 1908 , 14 , 378. 




yn tne case Qt the ‘a or .symmetrica) isomSride, ate abJetdd)' 
^fldArcseJenec. ^ '**’ e *- 

•f k Fluoiesccnce.— J f!foc majority of ptotinocytfhides fluoresce andcr*tR(! 

; stimulus of ultra-vioifst light ’ or of radium radiations, although some salts 
■ show no sign of this property. Magnesium, erbium, yttrium, thallium 
and uranyl saltsParc eases in point. " •' 

It is certainly very'remarkable that uranyl platinocyanide should 
•fail to respond to the stimulus of ultra-violet light or to radium 
radihfid/is.' Both the uranyl and the platinocyanide groups can 
.confer the property of fluorescence upon salts containing them, yet 
when they both occur in the same complex, there is no sign of fluores¬ 
cence. 

Fluorescence under the stimulus of radium emanations is usually 
exhibited in a marked degree by one hydrate of the platinocyanide 
whilst other hydrates cither exhibit a feeble fluorescence or none at all. 
The anhydrous is frequently non-fluorescent also. For example, the 
heptahydrate of magnesium platinocyanide, MgPt(CN) 4 .7II 2 0. is not 
fluorescent, although the pentahydratc, MgPt(CN) 4 .5H 2 0, is markedly 
so. Again, the pentahydratc of calcium platinocyanide, C'aPt(CN) 4 . 
5U s O, exhibits intense fluorescence, whilst the anhydrous salt is only 
feebly fluorescent. 

Oxidation .—In early literature a it is stated that by the action 
of chlorine, bromine, iodine, lead peroxide or nitric acid upon potas¬ 
sium platinocyanide, a new product, potassium platinieyanide, 
K 2 Pt(CN)j.3lI 2 0, is obtained. Similar statements may be found in 
some recent text-books, but are nevertheless quite incorrect. 

When potassium platinocyanide in aqueous solution is acted upon 
by chlorine or bromine, a halogcnatcd product or composition corre¬ 
sponding to the formula 3 (in the ease of bromine) 

K 2 Pt(CN) 4 . Br 2 . CKjPt (CN) 4 .1 Oil/) 

is obtained, buFno platinieyanide. 

Oxidation, of potassium platinocyanide with lead peroxide, acidu¬ 
lated with dilute sulphuric acid, yields a product containing the S0 4 
group, 4 of formula* <rK 2 Pt(CN) 4 .K 2 Pt(CN) 4 .S0 4 , where x is prob¬ 
ably 9 ; but again no platinieyanide is formed. 

If, however, a solution of potassium platinocyanide is treated with 
hydrogen peroxide (20-volumc solut ion) acidulated with dilubrsulphuric 
acid, potassium platinieyanide, KPt(CN),,, is obtained, united* with 
three molecules of platinocyanide, thus 3K 2 Pt(CN).,.KPt(CN) 4 .6H 2 0i 
Lithium platinocyanide is more readily oxidised,in this>inannrr, yielding 
2Ll 1 Pt(CN) 1 .LiP:(C'!) 1 , and if the hydrogen peroxide is replaced by 
Merck’s pure pcrhydrol,. complete oxidation to lithium platinieyanide,' 
$4Pt(CN) 4 , is obtained. % * \k 

s The platinoeyanides of' 4ve rare earth metals arc crystalline saltg 
Which may be divided into two classes.* ‘ t • 

Class I. The cerium group, of generd formula M 2 Pt 3 (CN)[. 2 .18I|jG| 

1' Stokes, Phil. Tram., 1853, 143 , 396. 


4 Hadow, Quark J. Chem. Soc., 1861, 13 , lOfl. 
i 4 Scetthia Series, Vol. 17. 


SfRjP? are l mot>5eIihic, tyeltown colour, jvlthAblde Tettta^fsEflpi 
densftii^sltyl crystallographic clcmrtHd, m*e as follow*^ * 

. a: b : n - H uensiivufc 


Ce £ Pt 3 (C'N) 12 .18lI 2 0> 

La 2 I*t 3 (‘(’N) 1J .isII,() 

“ I)i s ”rt 3 (CN) l 2 . 18 H s O 


a:b: o >,> ft 

0-5800:1 :0-55 'Si lor.83' 

* • 

— -r 

0 - 5800 : 1 : 0-5517 101 ’ -.'0-5' 


netmiy.*, 

2-057 

2-020 


Class II. 1'h&>Ytlrium (Irony, of general formula M-Pt . r f,t i :N '),^ 
21H 2 0.—These are rhomf.ic, red in colour with a green rellex. Their 

densities ami cry stalk'graphic elements are as follow : 

» 

a : b : i: Density. 

Y 2 Pt : ,(CN),.,.2111-0 »• 2 . 0-8020 ; 1 : 0-0157 2-370 

Gd.,Ptj,(CN)",,.2Hi a O . - 2-503 

. “ Kr ! T’t 3 (CN), s .21*11,0 1 . 0-8005: 1 : 0-0till. — 


The more important platinocyanidcs are 5s follow : 

Aluminium Platinocyanide, AL[l > t(CN),|. i . is prepared by addition 
of an aqueous solution of aluminium sulphate to one of barium platino- 
cyanide. The barium sulphate is removed by filtration and the clear 
liquid allowed to crystallise. The salt separates out in blue, deliquescent ’; 
la^nina-. 3 , * 

Ammonium Platinocyanide, (Nil.,)_,Pl(CN) 4 .2ll a O, is obtained when 
freshly prepared platinous cyanide is dissolved in ammonium cyanide', 
solution. 1 This method, however, docs not give a perfectly pm- 
product. • t 

It may hi: prepared 5 in a pure state by decomposing the barium 
derivative with ammonium sulphate solution. On cfmcenlrating the 
solution the salt crystallises out eit roiy-yellow prismatic needles 

which exhibit interesting Uichroism,appearing greenish yellow,lavender- 
blue *or rose colour according to position. Exposed over calcium 
chloride or sulphuric acid it loses one molecule of e ater, becoming 
white. .Tt 100'' to # 150® C. it loses the whole of its ivakr. The anhy¬ 
drous salt may also be obtained by eondueling aimmfoia gas over 
hydrogen platjnocyunide at 100° At 800“ 0. it decomposes, yielding 
platinous cyanide. The motffthyd rated sail absorbs a second nudeeule 
of waterem exposure to moist air. » 


Bariugi Platinocyanide, ill 2 0, is one of.lhe most useful" 

platuioeyanides, inasmuch as it imfy he ttgivonicntjy iced in preparing; 
other salts of hydrogen platinocyanide. Quadrat® w., thy fiist. to,) 
prepare it by foiling the copper derivative with barium hydroxide! 
solution. Sehafarik 7 Obtained it by decomposing barium carboqatg| 
With free platinocyanic acid. Martins boilttl platinous cyanide witiht| 
barium cyanide solution and obtained the slit, but recommended thjsj 
fallowing method -s superior: Pulveris«-d/fiTat.inuus eploride. PtCl^pj't 
£dded little by litJieAo a boiling'soiutioTof barium cyanide in such.liJ 

jw-'i'For n# Account at the fluorencenee of tlicse,»alls win bevy, toot (it. 
i f '* r , Topsoe, Biharfg K. Svend:a Vet..A had. HawU., 1874, 2 , No. 5. 
w * Martius, Ucbcr tlic Ci/utmrliindmgtn dcr PlaiinuidaUt, itotifli, 


Rnop *nd 8 chmflcnnanrA Ayfaltn. 1847, 64 , 3U0. 
tSASchafftrik, J. prakl. Chm., l»Hf, 66 * 385; Martius, optr cit., p. 344. 
#t|yfv(Jnadrat, Annakn, 1847, 3 , 64. * 

^®W»af*rik , Jt pratt. Chem., l«tS& 66 , 380. 
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manrt&r.Ahat po fresn chloride is added until*the previous amount hi? 
eoihpletely dissolved and the solltfon become colourless, Qft tiyslalli- 
action the salt is obtained in a very fmre coiulition. 

* By electrolysis qf absolution of barium cyanide between platinum 
electrodes, using an alternating current, a solution of baviujn piatino¬ 
cyanide has beeft obtained 1 which, upon concentration, crystallised out 
in yellow, slightly dicftroic crystals, exhibiting a slight iluorcsecKc 
'under radium. . 

'iiiesalt may also be obtained bj passing gaseous hydrogen cyanide 
into a pasty mixture of two parts of platinum dichloridc and three of 
freshly precipitated barium.carbonate with ten of water, maintained at 
n,early the boiling-point. The passage of gas is continued until effer¬ 
vescence ceases, and the solution is then boiled and filtered whilst hot. 

' On cooling, the barium platinocyanidc crystallises out in golden yellow, 
transparent crystals, exhibiting a purple sheen. The crystals frequently 
exhibit red and green colours on the edges, this effect being particularly 
noticeable when they lire immersed in water. 3 The crystals belong to 
the monoclinic system, the crystallographic elements 3 being: 

a: b : c — 0-80028 : 1 : 0-1-7028. (5 = 10:T 51/ 

At toy 1 C. the salt loses two molecules of water, and becomes 
anhydrous at 140°-150° C., a yellowii h blue powder remaining, whifh 
readily absorbs moisture on exposure to the air. The salt readily 
dissolves in hot water, but is insoluble in absolute alcohol. 

Barimn platinocyanidc letrahydrate can exist in two isomeric forms, 
which, however, are ei-ystallograplueally identical. They differ in colour, 
density, and <n fluorescence, as indicated in the following table 2 : 


- 

Colour 

Golden yellow 

Apple-g’-ecn 

Density at 17° C. 

2-070 

* 2-085 

Fluorescence 

Feeble 

Intense 

Stability .- 

Less stable at,the 
ordinary temperature 

More stable at the 
ordinary tcmucraturc 

Crystalline character . 

Satnefas [H-s-tlt 

Same as a-salt 


When a solution of baric.m platinoeyanide is allowed to crystallise 
after adding .\ trace of barium cyanide or barium hydroxide to it, 
crystals of.the grtjen 'pS-salf arc obtained. If, on the,other hand, a trace 
■of hydrogen cyanide, hf-drOgcn chloride, tartaric or acetic acid, or 
<$ranoplatinous acid is preimit instead, crystals of the yellow a-salt are 
'deposited. \ 

The (3-sak appears to be tfie more stable at ordinary temperatures. ,’i 

The dihydrme and the anhydrous salt have'also been prepared. She 
fotrwef is l.rick-red in colour and non'-fluorcscer.t. The latter is white: 
and but feebly fluorescent. 

1 Broch/u and Petit, .4»n. Chim. Phys., 1004, [vie], 3 , 400. 

3 Levy, Trans. Ohm. Sue., 1908, 93 , 1440? - . fg 

• Bamuhanor. ZiitscJ). Kryst. Min., 1907, 47 , ?5fl. Contrast Murmann and 
pjkungskjr.K .4*»»f{, If isi. Wien, 1859.34, 184- r - mm 






platiRucjuinof, alter prolonged- exposure to.radiatioi#^ 
igafw P ftjnpounds, becomes bro.%* or red and losi's its fjjjortifcej 
pffi^erlfts. The only way to completely restitfS.the red crystals: J 
their fluorescent state is by solution and n» rySudlisntion , 1 ulthodg 
gentle heating will partially restore them. Th'.» is wall illustrated b 
the following table: * 


(1) Fresli dysta 1 '- . . 

(-) Fresh crystals after exposure to (i-rays from 
radium for eight hours .... 
(3) Fresh crystals after exposure fo [i-rays from 
radium for forty-eight, hours 
(4-) lied crystals (No. 3 above) after heating tp 
110 ° C. in open tube ..... 
(.5) Red crystals after heating to 120° in sealed tube 


Fluorescent 

Value. 5 

W# 


27 

33 


Calcium Platinocyanide, Cal’tfCN).,.511,0, may be prepared in t 
similar maimer to the barium salt, 3 It crystallises in rhombic prisms 
having the following crystallographic elements 1 : 

a-.b-.c ~= 0-89953 : 1 : 0-31943 

• Levy 5 has shown that two Isomeric varieties of the pentahydratc 
exist, analogous to the two isomerides of the tetrahydrate of barium 
platinocyanide. The a-salt may be described as golden yellow with 
green fluorescence on the pyramid faces, whilst, the (3-suifc shows a^reen 
fluorescence on all faces, which is particularly intense on the tops bf 
the crystals. The crystalline characters of the two iSomcrides arc 
identical. 

The a-salt is obtained by erystallisatioif from a solution containing 
a small quantity of acid, and the ft-salt from one containing some 
hydroxyl or cyanide ions, precisely as in the. epsc of %■ a and (i barium 
platinocypnides. # 

Anhydrous calcium platinocyanide, Cal‘t(('N)„ is whit*, aiftl exhibits. 

; only a feeble fluorescence. * 

Calcium Ammonium and.Calcium Potassium Platinocyanide* hdve 
also been obtained. 3 ■ • 

Cerium Platinocyanide, ®«Ce a lPWCN) 1 l 8 .lNlI it O. yields fluorescent’ 
crystals tk two varieties, namely, yellow a-crjstals and«grcenish yellow' 
|3-crystals, analogous to the two calcium isoiiieride*. 6 .«:■ 

Copper Platinocyanide, CuPt(CN) t , in obtained as a gelatinous- 
greenish blue pftcipitnte on adding a solution of «n.foppor salt to,; 
potassium platinocyanide. The precipitate is volflmirto’us, shrinking ori| 
■drying to an’anhydrous greenish b|pe mass. fl-When heated strongly it,, 
becomes dark green in colour, then evolves cyanogcL vapour. atjjlf 

‘ BeUbJ-, Prof. Rov. See., 1905, 74 , 6<5b. • (( * * 7. If 

The method used consisted in Measuring U# distance efrom the radium at whidt^ 
die fait, exposed on a traj^oMiUek paper, became distinctly vis ill? in the dark. Tbe*’ 
£ut Was observed bj moans a simple ndcroscojUl fixed over the tray, an4tlie%it^n*ity| 
M the rays was taken to be inversely as the square ft the distance between the raqtyaw 
(hd'Wle salt. • t 
jjyfJfartius, opus at. 

!*' : S‘’9anmhauer, Zeilsch. Kryel. Mim., 1J07, 43 , 356. 

'viPhtsy, Trans. Chan. Sac., 1908, 03 , 1448. geo p. 319. 

Bull- Stc. dim.. 1874, [ii], 21 , i ~ * 


, 034 m Czudnowiez.J. vratLChem., 1860,SoptMj 
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rially yjelds A, black fnass containing platinum and copper oxide. ‘ Tlfe'. 
ilt e is npt attacked by acids, but fclkalics readily effect its dacsswjtoa- , 
ion. 1 Ori account,*f this latter property it Is a useful starting-point 
>f the preparation cv‘ the platinocyanides of other metals. 

Hydrazine Platinocyanide, Nil 4 . H 2 Pt(CN) 4 . xH 2 0, may be ob- 
lined 2 by mixirtg aqueous solutions of hydrazine"sulphate and barium** 
latiuoeyanidc. On evaporation, the filtered solution de})osits red 
rystals, which show blue and purple colours by reflected light. Owing 
j t.fieii^ftWtability when dried, analysis is d'jTiciilt" but probably the 
;;d crystals are the Mnihydrate, N 2 II 4 .H 2 Pt(CN) 4 .4lI 2 0. 

When air dried the crystals become light yellow and opaque, and 
cirrcspond in composition to the trihydrnte, N 2 II 4 .ll 2 Pl(CN) 4 .3lJ 2 0. 
then gently warmed they become white, the transformation occurring 
t about 28° (.’. Maintained at 100° C. for some time a dull, olive-green, 
nhydrous salt is obtained. 

Hydroxylamine Platinocyanide, (NII 2 0II) 2 II 2 Pt(CN) 4 .2JI 2 0, has 
ecu prepared 2 in a similar manner to the preceding salt. Upon 
rystailisation at the ordinary temperature, red crystals are deposited 
diieh are stable and admit of accurate analysis. When gently warmed 
hey become yellow in colour, but return to their red hue on cooling, 
'he change is probably due to partial dehydration. 

Indium Platinocyanide, In.,fPt(('N 1 .)] 1 .2ll 2 0, is prepared' 1 by boiling 
olutions of barium platinocyanide and indium sulphate together, 
il tori no off the barium sulphate and allowing to crystallise out. It 
'icids‘white, hygroscopic leaflets. 

Lwad Platinocyanide, PhPt(CN).,, is readily prepared by mixing 
•oiling saturated solutions of potassium platinocyanide and lead 
lectnte. The solution remains clear, but on cooling the lead salt 
epa rates out as a yellowish white crystalline powder. 1 Ft is anhydrous, 
mil becomes yellow on wanning in air, then white; whilst at higher 
emperatures cyanogen is liberated, the residue containing metallic lead 
inti platinum. - 

Lithium Platinocyanide , 1 Li 2 Pt(CN),.5lI 2 0, yields grass-green 
irystnls, which undergo practically no change in colour when cooled in 
Iq/iid air. 5 , 

Lithium Hydroxylamine Platinocyanide, UiN'H.,0irPt(CN) 4 .3lI 2 0, 
lias been prepared. It, yields purple, Hygroscopic prisms.* 

Magnesium Platinocyanide, MgPt(CN; 4 .7ll 2 0, is conveniently pre¬ 
pared by doot'imptrsing the bariutn salt with magnesiurrr sulphate 
sglution.i On filtering off the insoluble barium sulphate and allowing 
to evaporate, tjie salt crystallises out in blood- or carmine-red tetragonal 
crystals, possessing a mctallie-grcen surface shefin. The parameters of 
the crystals arc 7 

: c -■ l 1 . 1-0G113. 

There is no evidence thuLthc salt'can exist in,two isomeric forms 
" r, , ' 

1 'Quadrat, Annaten, ,'847, 3, 64; Martins,' >pue cit., p. 60.. 

1 Levy and Sisson, Tran,-. CAern. Sac., 1906, 89, 123. 

3 Ron/., Her., 1901, 34, 2763. 

1 Mar'ins, toe. cit.' 

4 Harlow, Quart ../. Chcm. Soc„ 1861, 13, 106. 

‘ Schultz, Momtl-h., 1880, I, 90Q ; 

1 Ming, Xeituch. Kry-l. Min., 40, 619. 


PLATINUMS 

4 «®en maintained at 36° to 40°C., thep«rf^rf^Sf,'MgBt{CN)i 
is ppxArei^ which is yellowish groeitfn colour. The same hyd&te lijfky 
he prepared by maintaining a hot saturated uqne f #is solution’*or sotq< 
tirndat 45° to 50° C. until the salt separates out/, ti4 also by reerystnlife- 
$ig the heptahvdrated salt from alcoholic sol lion. .The dihijdrate, 
obtained at 100° is white and the anhydrous salt, obtained by heating 
te-150°or 200°C., is yellow. 1 ,, The following tunic 3 indicates the colour 
and fluorescent properties of anhydrous and hydrated salts - 

Colour. Fluorescence. 

MgPt(llN) 4 .7llj() Red with green reflection None 
Mgl > t(t'N) 4 .51I.,0 Yellowish green Strong 

MgPt(l'N) 4 .211*0 White None 

MgPt(t'N).,. Yellow None 

. The Platinocyanides of Mercury, IlgPt(t’N),. and Nickel, NiPt(CN) 4 , 

have also been obtained. 3 

Potassium Platinocyanide or Gmelin’s Salt, K,Pt(( N) 4 .3EI 3 0, was 

the first platinocyanide to be discovered;. ^-.-c^uy. by Ittrier, 1 who 
allowed mixed solutions of potassium cyanide Wild plalinie chloride to 
crystallise. Itlncr, however, does not appear to have understood the 
nature of the compound he had prepared, (imelin, 5 who discovered 
the ierricyanides, observed tha* bv heating to redness a mixture of 
platinum sponge and potassium fcrrocyanidc, a compound results in 
which plat inum replaces iron. Analysis of the product crystallised from 
water showed it to have the formula K 2 Pt(CN) 4 ..‘iH/),» lien translated 
into modern symbols. Another method consists in mixing ainmonfuni * 
eblor-platinite with water, adding caustic potash and raising to 100° C. 
Finally, saturated ]>otassium cyanide solution is added. Ammonia is 
evolved, and potassium platinocyanide passe* into solution : 

2KOJI | (Kir 4 ) 2 PtCl t f- 4KCN 2X1 I a -4KC1 4- K,Pt(('N) 4 -f- 211,0. 

After prolonged boiling to mnuve all the ..mmonia the solution is 
allowed to cryst allise, when the salt separates out in long rlugmbk' needles, 
density 7 2-4548 at 10° C. Upon ex])osurc to air the crystals clllorcgce, 
and at 120“ C. lose three njplecules of water, becoming pale gplden 
yellow. # Thc crushed crystals «re sulphur-yellow in colour, but the 
crystalline faces exhibit a Vug 11 florescence. When _ dehydrated at 
ordinary temperatures the colour byeomes reddish yelli.y. On heating, 
the salt becomes white, then yellow, and finally nfelts , ' too ooo 3 C. 
It is soluble in cold water, easily so in hot# as also in alcohol i^id etho». 
Dilute mineral ifeids d« not affect it, but concent :atpdi sulphuric acid., 
effects the precipitation of platinous cyanide,, * 

Wilni 8 drtw attention to the fag-t that tin propi dies oC jxrtassiuta 
platinocyanide vary somewhat according tip.me method'of preparation*,! 
AVhen white, lluon scent crystal,s.of^the Kilt. arc .boiled with hydrogel^ 

1 Hadow, Quart. J. Chegi. Sac., Isftl, 13 , loti.*' 

►levy,•toe. cit. f 
Marinis, loc. cit. • 

1 See Berzelius, JiJircubtr., 3 , 4S. 

' Gmelin, nniutbiify, Isl er^ p. 14.Ml 

Tfie potassium salt does noteippuar to work so well (Martins). 

Cl#rkc, Amcr, J. Sci,, 1877, 14 , 28lf This figure, however, is uncertain otving W 
W v «t««iCD of moisture. 

" Vitim, per., 1888, si, 1434. 




p&rpxide'(20 volume solution) tn^rystais remmmhg alter’eyapom$^ 
^re pale^yellowish green in colour, but devoid of nubresceM^ *TKe$j 
feopstitutt:, in fact, 1^1 isomeride, into*which the white, fluorescent, sojfc- 
has been converted,*pr<A>ably through the catalytic agency of some’ 
impurity in thejierofcidc. This catalytic theory is supported by the^ 
fact that by boiling the white, fluorescent crystals with pure perhydrol - , 
no change takes place. 1 s o 

Cmdrary to the -statements of early investigator, oxidation .ofr 
potassium platinocyanide with the halogens, nitric acid or lead peroxide, 
does not yield potassium platinieyanide. The halogens convert it into a- 
dihalogenide, of general formula K 2 Pt(CN) 4 .X 2 . If, however, the 
solution of potassium platinocyaiiidc is treated with hydrogen peroxide 
(20* volume solution) acidulated with dilute sulphuric acid, potassium 
platinieyanide, Kl’t(CN) 4 , is obtained united with three molecules of 
; platinocyanide, thus: KPt(CN) 4 .3K 2 Pt(CN) 4 .6II 2 0. 

Tile crystallographic elements of the hydrated salt arc 2 : 

a:bic- 0-8795 :1 : 0 * 2780 . 


/ Potassium Barium Platinocyanide, HaK 2 [Pt(CN) 4 ] 2 . A<|, is obtained 
,;by crystallising mixed solutions of barium and potassium plutino- 
j cyanides. " In appearance it resembles the sodium potassium salt. 3 

Potassium Lithium Platinocyanide, KLiPt(CN) 4 .3lI 2 0, lias also 
been prepared 4 as yellowish green crystals. 

Radium Barium Platinocyanide. —Since the majority of platino- 
; cyanides fluoresce under the influence of radiations from radioactive 
substances, the radium salt should lx: self-luminous. The radium 
-.barium salt was prepared 1 by dissolving radioactive barium chloride 
’ in water and boiling the solution >vith excess of silver platinocyanide. 
:|;After filtering off insoluble silver salts the solution was allowed to 
..crystallise in a desiccator. 

The crystals (deposited last were reddish in colour, and brightly 
:fluminous at lisst, but"’ the intensity of their luminosity gradually ’ 
^diminished, mid the reddisli tint deepened in colour. No doubt this is 
^attributable to alteration of the barium platinocyaiiidc in the complex, 
SsSincc*thc free salt, upon exposure to radium radiations undergoes some 
fejphange, resulting in a weakening of the fluorescence as has already been, 
^pointed out (sec p. 321). ‘ . 

yi The radium; bajium fcalt recovers its fluorescent propc.ties hpon 
^tecrystalVsation, and the effect is enhanced by contact with its°own 
; i saturated 1 aqueous solution, probably because the water prevents the 
^alteration referred to. i r 

fc Rubidium Platinocyai ide , 6 Rb 2 Pt(CN) 4 .3lI 2 0 ft) yields mouoclintp 
j^iStystals, the crystallographic' elements being : 

|$* «.: i) : c = 0-9&? : 1 : 0-5325 ; p = 99° 48-25'. 

fe Silver Platipocyatiide, Ag^tfCN)., has also been prepared. It 
j^iyhite and does not blacken upon exposure to sunlight. 


i ' Levy, Traits. Chcm. Soe., 1908,93, 1+40. 

■ * Grailich, Krystallitgruphisdt-ojttische U ntirauchungcn (Wien, 1858). 

** Marties, opus cit. See «ho Knap, Amtolen, 1842. 43 , ill. 

•-Sohrotter. 81)9 Martius, opus cit., p. + 6 . 

* Baumiiauer, Xcilach. Krust. Min., 1911, 49 ,123. Contrast Tlitscheiner, 
glfakl. tyii. WUu> 1865) SO, [ii], 374. . 


- fWjjwa Platinocyamae, was. flrsffc prti 

Ju'tdrafc pvho decompoocd the copper salt with sadhim hydrritide. I 
3so results nn decomposing the barium salt w^K- sodium Ailphftj^i 
ilartius acted on the potassium salt in eodivnfrated solution wit! 
lydrofluoiilicie acid, and saturated the lilt rate with sodium carbonate 
On concentration the salt separates out ns .long trielinic prisms 
ibsely resembling in properties the potassium salt. The crystnllo 
Taphic elements ate s , * " ■*» ..}■ 

:b:c~ 0-5870 :1:0-4757 ; a = 87° 42', [3 ~ 94° .70-75', y = 00°59-5' 

ho salt is soluble both in water and in alcohol. It. loses its combined 
water at about 120° C. * 

Sodium Potassium Platinocyanide, NaKPt(CN) 4 .811,0, results 
when the copper salt is decomposed with a mixed solution of sodium 
aftd potassium carbonates. 4 It crystallises in beautiful orange-coloured 
monoclinic prisms, and closely resembles the barium potassium salt; 
Its crystallographic elements are 3 : 

a:b:e~ 0-85994 : X : 0-47290. [3 --■= 95° 5'. 

It differs from the potassium salt in that it does not, efllorgscc in the 
air. At 120° ('. it becomes anhydrous, turning pale yellow in u.iour, 
bit developing a reddish brown hue upon exposure to sunlight. 8 

Strontium Platinocyanide, Srl*t(CN) 4 .511,0, is most easily obtained 
by boiling the copper derivative with aqueous stronli’m) hydroxide.* 
The crystals form monoclinic tablets, milky white‘in colour,* but 
exhibiting ;• delicate violet surface-tint and a green fluorescence. The 
crystallographic elements 3 are : 

a:b:c — 0-0850 :1 : <04057. * (3 = 94° 49'. 

At MO® C. the salt becomes white and anhydrous, llv crystallising 
mixed solutions of strontium and potassium p, 'tinocy^nides the double 
salt Strdntium Potassium Platinocyanide, SrK 2 [lM(<?NJ 4 ].»4lI a O, is 
obtained. , 

Uranyl Platinocyanide, UO,.Pt(CN) 4 .4(or 5)11,0, has been, pre¬ 
pared 8 by double decomposition of solutions of uranyl sulphate and' 
barium [Jlntinocyanidc. The^reeii,•filtered solution, ujjon evaporation; 
at room temperature in a desiccator deposits red cry: l^ils possessing ai 
iSstrorg green metallic reflection. • • 

,- If, however, the solution is concentrate^ on the watpr- Oat 14 a yellow 
.crystalline substance is obtained, which passes into tiered green form 
on cooling. Probablj these el.,.nges arc consequent upon variation itt 
hydration; • * . $ * v/f 

?? The temperature of transformation of tpit red-greemhydrate tofw 
inflow salt is 39® <' f •. * , % 4 

'f. ~- 7im- Platinocyanide, ZnPt(CNJ 1 , te obtained as an insoluble yellowish) 
w^te product on trusting p*>tassium # *'platinocyanid& solution wiwj 
afeft.-** • * ’ “* 

sfSg'Jjuadrst., Anmtlen, I84f, J, 64. 

3- -S-Scbafftrik../. pndl. Chon., 1S55, 66.386. 

^fJhsjBifcswr, Zefcch. Kryfl. Min., *61!, 49 , 113. Confetti Oroilick. Kti/tHUM 
ck-optiacte Untersuchunge>f{lfyien,, 1/358). 
ittius, opu* c it. 

, Her., I£80, 1% 950. 

, f roc, Camb. Phil, Six., J907, { 4 , Kj. . 



; ANCmiRMfiNtS OP HJiTlSJlJM ORdtOP 

Vzinc salfs. Atids attack ft wity difficulty, 6ut ammonia cysgoj^es.'it’; 
'•readily.*;* , * 

t: ° Halogm Cyanoplatinafes, M 2 Pt(CN), 1 X 2 

• Dichlorcyanoplatkiic Acid, II 2 l’t(t'N) 4 Cl.,, has l)ccn obtained 8 by 
■'decomposin'; th<? barium salt with dilute sulphurifi acid and concentrat¬ 
ing the liltcred solution? It yields deliquescent crystals, which dissolve 
■*in watpr to an acid solution which decomposes carbonates. 

The Cflrrespynding bromine derivative, oII 2 Pt((l'N) 4 lir 2 , has been 
obtained, and several salts of these acids and of the iodo acid have also 
been prepared. 3 

* Platinum Tricyanide, Pt(CN) ; „ is obtained in a more or less pure 
condition as a yellow powder on heating cyanoplatinie acid to 120° C. 4 

Cyanoplat\nates nr Platinicyanides, MPt(CN) 4 

Cyanoplatinie Acid, IIPt(CN) 4 .—On adding hydrogen peroxide 
(20-volumc solution) to a fairly concentrated solution of cyanoplatinous 
acid and evaporating over a water-bath, a white substance is first 
produced which, upon further evaporation, becomes pink, brown, and 
finally dull olive-green. Cyanoplatinie acid, IIPt(CN) 4 .2lI 2 0, is left. 
On treating this last-named product frith water it passes through the 
same colour changes, but in the reverse order, before dissolving, showing 
that the colours correspond to the formation of different hydrates 4 : 

2lI 2 Pt(CN) 4 + II s 0 2 - 2HPt(C'N) 4 | 2lh,0. 

i* 

The aqueous solution of this acid liberates iodine from potassium 
iodide, the reaction being Quantitative if sufficient lime (several hours) 
is allowed. Thus: 

O 

2'iIPt(C]£) 4 -f 2KI - 2KIIPt(( N) 4 + I,. 

Sulphur "dioSide reduces the acid solution to cyanoplatinous acid, 

. limited to 120° C. the solid green acid is converted into^a light yellow 
esidfle. consisting mainly of platinum tricyanide, Pt(t'N)* 3 . 

Lithium Platinicyanide, lf i Pt(< N') 4 , is obtained as thf* copper-'' 
coloured double salt, LiPt(CN)|.2LiPt(€N) 4 , on warming hydrogen 
peroxide solution t with Tit|>ium platinocyanide acidulated'with sul¬ 
phuric arid. If the platinocyanide solution is^very concentrated or, 
fetter, ii the hydrogen peroxide is replaced by perhydrol, pure t 
lithium platinicyanide is obtained, free from c admixed or combined 
platinocyanide. 4 „ 

'■ The anhydrous salt “fs white, and is readily obtained by gently 
Seating one of its hydrates.„ 

The monohydrate,'•■Li l’t (CiM) 4 . IJ 2 0 , is obtained by evaporation of an 
aqueous solution of the trihydrate and of sodium sulphate, and gently 
warming the residue. The sodium sulphafe hydrates itself at«^hq ; 
expense of the lithium salt, and the yellow monohydrated Salt 

!•» • » H&dow, J. ChmfSee,, I860, 13 ,106; Martins, optu eit. , ” * t'"; 

; • JUomittraml, J. prakt. Chem., 1871, [Sil. 3 , 207v Bet., 1869, 2 , 202: Holst, fitlg. 
Sm. c Him., 1874, Pi], 22 , 347. , V 

t • See Blomstrnnd, loc. fit.; Holst, he. cit.; Hsdow, J. Chen. Soj., 1800, 13 ) 10S? 

• bofy, opus ctt++ ‘ * Reynolds, Proc. Roy. Soc., l«Q9 t .%igg|g 



^ PLATINUM AKD ITS; 

The monohyflrate is alsp p,'oduced f; on simply ‘wanning 

5llber*l*e Wihydrate ortdihydrate.' V " 

The ftihydratc, 1 LiPt(CN) 4 .2ll*,0, may be prcogted by gcnfly waqu-. 
ing the trihydrate, or by cooling it in liquid "-br.' It is orange-red in 
iolour, but readily dissolves in water to a colourless solution. 

The trihi/draU LiPt(CN’).,.;tII,0, is obtained by evaporation of the 
igneous solution at 10° to !>'! ’ C. to the crystallising point and suddenly ; 
Moling to 15° i. It yields needle-shaped crystals, which are colo'yless, 
out exhibit a slight lavcrtder fluorescence. 

Potassium Platinicyanide, KPt(t'X),, is obtained, combined with 
hree molecules of platinocyanide, namely, as KPtfCNT, 3lv,Pt(CN) 4 , 
jIIjO, by adding hydrogen peroxide (20-volume solution) to a coucon- 
rated solution of potassium platinocyanide, acidulated with sulphuric . 
icid. Bronze, needle-shaped crystals are deposited, displaying a strong . 
Metallic reflection. They are readily soluble in waler, yielding a 
•oiouilcss solution from which no precipitate >s obtained with barium 
•bloride. The solution bleaches cochineal, and liberates iodine from 
xitassium iodide. Thus-: 

;iKJ , t((N) l .KPt(('X ) 1 | KI Uv,Pt(('N), | I. 


Silver Platinicyanide, AgPl((.’N) 4 . is obtained as a ifgld brown 
foeeulent precipitate on adding silvir nitrate solution to oik of cynno- 
llatinic acid. It dries to a dark buff powder which leaves a residue of 
netallie silver and platinum upon gentle ignition. 2 • 

Sodium Platinicyanide, NaPt(CN).,.2Xa,l’t (CN),. I ms been obtained 
n a similar manner to the corresponding lithium salt:. 3 


PLATINUM ANT) TilfOt:VAXOGKN 

Platinum thiocyanates are not known, e.yept inT'ouibination with 
he thiocyanates of certain other metals. Thioey.uToylatwarns fteid, 
I 3 Pt((JN’S) 4 , and thioeyanoplatinic acid, 11 Pt(('NS) 8 , are obtained in 
olution by decomposition of the corresponding barium,sails wjth the 
alculated quantities of dilffte # sulphuric acid. The acids decompose, 1 * 

icweveit on concentration beyond .a certain point, 

• • 

i Tliiocijannplatuiitcs, )VPt(CXS^| 

Potassium Thiocyanoplatinite, K ? Pt(4NS) 4 , is obtained Mfr crystrtHi- 

ation from niixSxl solutions of potassium ehlorplal mile and thioeynnata 
t yields red, hexagonal prisms which are reiglily soluble in jvarm wate: 
r alcohol, giving tut orange-yellom solntionj’ ' ; b ■ 

The Ammonium salt, (Nil 4 )jPt.(t’NS) 4 , has also Wen prepar'd 
igestiqg ammot* un chlor-platyiitc with a solution*ol» an alkali thid 
yanate until all tasMissolved, and allowing to crystallise.* it resembles 
potassium salt.. * * 

‘ The Silver Salt, Ag.pt(CNS)f, is krfbwn. 1 

* Reynolds, Proa. Roy. liocf, 1609, 8a, a, 3S0 

* Levy, opti3 oil. • 

’ Buckton, Anmlrn, RSIW^pi, 280; Claus, Anmkn m 1850, 99 , 54*. 

■* Skoy, C hem. Newt, 1^74, 30 , 25. 

1 Buckton, Anmlcn, 1854, 92,«280. • 



ThiocyanoplaoWItes, M 2 Pt^CNS) 9 

t A few?salts of thi^yanoplatiiiic acfd have been prepared. Tfcey arc 
$ Analogous in constiwitidn to the chlor- and thio-platinates, and" ate 
i-isotnorphous wikh the*eorrcs ponding selenocyanoplatinates. 1 • 

. Ammonium Thiocyanoplatinate, (NTI 4 ) 2 Pt(CNS) 6 , is obtained on 
'•adding ammonium sulphate solution to one of potassium thioeyan#- 
^>lati%ate, and allowing to crystallise out. a It yiekls ‘red, hexagonal 
.prisms, winch dissolve in water, but yield an'unstable solution at the 
Doiling-point. The parameters are 1 : 

a : c = 1: 0 -9340. 

t 

Potassium Thiocyanoplatinate, K*Pt(CNS) ( , is formed when a warm 
^solution of potassium thiocyanate is added to one of chlor-platinic acid 
'dr to a suspension of potassium chlor-platinatc in water. It crystallised 
in red hexagonal prisms^ 3 the parameters being: 

a ; c = 1 : 0-7829. 

Density 2-342 at 18° C. 4 The dihydrate, K 2 Pt(CNS) 6 .2lI.,0, is known. 6 
It yields rhombic crystals 1 : 

I ' a : b : c = 0-0224 s i : 0-9712. 

• The Silver , 3 Sodium, Barium, 6 Strontium , 8 and Lead salts have also 
been prepared. The dihydrate of the sodium salt is isomorphous with 
Lthe corresponding potassium salt. 1 

Platinum and Selenocyanogkn, M 2 Pt(CNSc) 6 

A few salts of selenocyajioplatir.ie acid have been prepared. They 
8re isomorphous with the coi responding thiocyanoplatinit.es. 7 

Potassium Selenocyanoplatinate, K 2 Pt(CNSe) 8 , is obtained* by 
'Itnixing solutions 8f poto- vium ehlor-platinate and sclcnocyanatc. 8 It 
fery stall ise* in lfemitnorphic rhombic crystals which ap|>ear red by 
^transmitted- lijfht, and black by rcllccted light. The parameters are 7 .- 

a:h : c 0-5989 : 1 :9-9505. 

Ijehsity 3-377 at 10-2° C. 

fiS The dihydrafe, K 2 Pt{CNSe) a .2il,,(J, yields trigonal scalgnohedral 
Crystals. 7 « "* 

y -Ammoluum Selenocyanoplatinate, (NII 4 ) 2 Pt(CNSe) a , crystallise 
|;be rhombic system 7 : 


a: b }j.c 


: 0-6338 :1 :1-0444. 


ZtilscJi. Kryrt. Min., 1012, so, 509. 

& Httekton, Antuttin, 1854, 9 a, 280. 

p:? Btiokton, loc^eit. Kpfetstcia (Pogg. At nakn, 1850, 99 , 2”5) jiesoritied th«up Ineeir. 
Vaotlyas regular octahedra* 
a **r'Oarke, Jatmbtr.. 1877, p. 43. 

IfWyrtubof, Abb. Chim. i’kys., 1877, [v], w, 109, 

1 Grailicli, Jahreaber., 1858, p. 255. 

!/BUlow», Zeitseh. Kryat. Min., 1912, 50 , 494. 

®irke rud Dudley, Ber., 1878, ti, 1325. 


PLATINUM INp SILICON 

i v Several silieides of platinum have been si* tef at various timesTp 
exist., but.it is doubtful if they are all separate (hemiegj entities. 1 The 
Eadstenec of the foUbwing silieides, however, seems* reasonably weR. 
established. t « ;i| 

; Diplatinum 'Silicide, Platinum Subsilicide, 1’t^ii, was apparently fir|| 
obtained by Colson s In prolonged heating of platinum surrounded U& 
lampblack in a Hessian crucible, i.ebeau 3 prepared it by heating tw 
monosilieide with tin and washing tins product with potiussiuut: 
hydroxide, the subsilicide constituting the residue. Vigouroux 4 pro* 
pared the subsilicide by heating the metal with 10 to 100 times it#, 
weight of silicon in an electric furnace to such a high temperature that, 
access of the silicon volatilised. 

The product is a crystalline substance, hard and brittle, capable of 
being pounded to powder in a mortar. Density 13-8 at 18° C. Heated" 
in chlorine, silicon chloride is formed, leaving a residue of platinum. ; v- 
P la tin urn Monosilieide, PtSi, maybe obtained by igniting a mixtuffc 
of lineiy divided silicon and platinum sponge at a high temperature,. 
On treating the melt with potassium hydroxide solatium excess of 
silicon is removed, leaving a residue of monosilieide. 5 When r,'crys¬ 
tallised from fused silver silicide. the latter being removed by extraction, 
with sodium hydroxide and nitric acid in succession, the monosilh ide 
is obtained as prismatic crystals, melting at about <100° 0., ‘bad oi, 
density 1163 at 15° C. * . j 

The usual mineral acids, including ail the halogen aeiejs, are without, 
action upon it, but aqua regia effects its solution, Tuul concentrated: 
hydrochloric acid containing bromine also attacks it. 

When heated with copper silicide, Cu/ii) it yields a double silicide,’! 
PtCHjSi. 1 as a dense grey substance, completely soluble in rnnia rerria. 


PLATINUM AND TIN 


Alloys of platinum and tfti liavc already been discussed (see p’ 288), 

PlatAum Staunate, Pt ! Sn s Oi i ,.and two Platinum Thiostannates, 

Pt t SnS 4 ^id Pt 3 ,SnS 6 , have uecti thsfribed. 6 


Detection and Estimation ot natinum. 


-»ee next s^inpter. 


I Soq Winkbr, J. frail. Chem.. 1884, ot, 203; .Guf-ar-l, /*»*. Hoe. rlitm., 1876*pt3j 
Sj, 610; Colson, Compl. rend., 1882, 94 , id. • 

* Colson, loc. ril 


ff mH. nivm.. 1874. I ill. 8 . 19. 




CHAPTER X 


DETECTION AND ESTIMATION OF THE PLATINUM 
METALS 

CoMri^Kw mm trustworthy analyses of on , . s platinum 

metals are not easy to effect. They require on the part of the analyst 
Considerable skill and expert knowledge of the eccentricities of the 
metals concerned. In the present chapter the more important reactions 
.of the metals arc outlined, together with the most usual methods of 
analysis. 1 

DETECTION AND ESTIMATION OF RUTHENIUM 

Detection .--Metallic Ruthenium is characterised by its ready solu¬ 
bility in a mixture of fused potassium hydroxide and nitrate, yielding a 
green mass*of potassium ruthenate, K.,Ru0 4 . This dissolves in water 
to an orange-coloured solution which leaves a black stain upon the skiiT 
owing to the deposition of oxide or hydroxide. Nitric acid precipitates 
the hydroxide as a black mass from the solution. 

Fused potassium hydrogen sulphate, which readily attacks rhodium, 
'palladium mid iridium, is without action upon ruthenium. 

When heated*with potassium chloride in a current of chlorine, 
ruthenium yields potassium chlor-rpthcnate, K.,Rut’l 6 . which is soluble 
in water. 

Metallic ruthenium is insoluble in the mineral acids, and is #nlv 
slowly soluble in aqua rogju. 

Rewiioiis oftSultx Ruthenium .—A delicate and characteristic 

reaction of ruthenium chloride consists in formation of an azure-blue 
tint* (possibly due to the formation of dichloride) when hydrogen 
:jSUlp1»ikc is parsed through its solution in water. 

i Ammonium sulphide, on ttyc otl.et hand, causes a darl* brown 
precipitate to scg-iiratc out in lik# 'eireumstanees, which is soluble in 
excess only with diltieultyt t • ' t 

■ Alkalies precipitate the black hydrated oxide, Ry,0 a .3H,0, insoluble 
tfn^xccss, W which is readily soluble in hydrochloric acid, yielding an 
btfangc solution^imtaining the trichloride, RuClj. 

> With eqnoent r^ted solutions of ruthenium salts, allm chlorides 
effect the deposition of violet crystalline precipitates of the double-- 
,<j)$kidcs. Tliesq are soluble in water only with dillieulty, but ore: 
decomposed with boiling water, yielding black insoluble residues of - 
ratychloride. * , ^ • 0 H 

V‘, Ruthenium trichloride solution is reduced Siy" metallic zirtfc to 
pchlpride, the colour changing from* orange to azure-blue. In tjhfs 
presence of excess i^f zinc the*reduction proceeds cvcntfurthcr, metallic?,: 
Wltlieniun^being deposited as a black powder-" * 

t A* this it not mSext.-book ot analysis the‘various operations are not discussed ini 
tttperimcntpl deta I, but references arj given so that the analyst Desirsip of attemttlwr. 
i«rotth« methods uUy know whereto )oVik (ur fui(. details. 
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^■artcctioii of Ruthenium mosmmdium.- vRi tnShmm igay 

&'jM*Q»ra1sed from osmiridiumV)* ignitio . in a current df „ r . 
'aV'aboiH 1080° C. Osmium Utrosidc and ruthenium uipxioe expfi 
*roWtiflsed,.tlie latter being the first to coinlcy ■■{ i ttfi'v 

Detecfyn of Ruthenium in Platinum AHmj;■ ■ Jn urijer to detect UK’j 
presence of rutheniuiti in platinum alloys, n portion ofrthc alloy is fusedyt 
with lead. The melt is extracted with nitric arid and the residue^ 
fgnited in eon tact with air in order to volatilise the osmium. The t.y,M % 
may now contain*plnth .an, iridium, rhodium and ruthenium, and aw 
fused with potassium nitrate mid hydroxide. The whole is dissoIvejl.!i| 
in water, treated with excess of nitric acid and allowed to stand inWy 
flask covered with filler-paper. In a few hours (12 '-'D the filter-papwi.^ 
darkens if ruthenium is present, in consequence of the ‘evolution 
vapour of its tetroxide. To confirm the presence of ruthenium, thfej 
naper is ignited and the ash fused with potassium nitrate and hydroxide,s| 
On extraction with water the orange colour of potassium ruthenate ifeg 

obtained. 1 . , , . ... S, 

Estimation. Hut lienium may be estimated by precipitation with ,j 
magnesium from solutions of its salts. The precipitate is washed with; 
dilute sulphurie acid to remove excess of magiiesimvi, dried, ignited m,|; 
a current of hydrogen, cooled in carbon dioxide, and weighed ns metal,.' i 
Ruthenium may be precipjjalcd from solutions of its salts with 
Hydrogen sulphide in the form of ruthenium sesquisulphido. litis is,« 
washed, dried, and ignited in a platinum boat, in a current of oxygeHTf 
to expel the sulphur, reduced in hydrogen and weighed as metaX j 

Ruthenium mav be separated trom all metals except. osmiiyu py^ 
distilling in alkaline solution in a currcnl of chlorine at. 70° C. TtJBSg 
ruthenium distils over us tetroxide, and is collected* in dilute hydroyy 
chloric arid. The liquid iu the di^tilling-JIask must be kept alkali, •• 
to prevent, iridium chloride from distilling over with the ruthenium,^ 
Thi distillate is evaporated to dryness, and the residue, ignited ini' 
hydrogen, cooled in carbon dioxide and weighed as metal. ; yr ; 

Separation of Ruthenium from Omnium. Sdfc p. !)»** , , 

Separation of Ruthenium from the Platinum Metals, oce Scheme j 
p. 814. 

•DETECTION AND ESTIMATION OE RHODIUM 

• $ ■* * . 
iDettclion.—Metallic Rhodium, .when pure and c-'inyaet, is insoUioi§^ 
in tfiineral acids, not excepting aqua regia, although dissolves in tna|| 
latter when idloyed with certain other elements such rs leal* bismilif^i 
ibpper a»d platinum-although not when alloyed with silver or gokfcf 
When fused with.a mixture of potassium tydrflxide and nitrate it »;• 
^rehdily oxitfised, whilst fusion with j*>tassium hydrogen sidttu^ 
'fflfenvcrts it into the soluble salt, potassium rhodium sulpqj|£;|j 
MhdS0,)..8K,S0 4 , or K # Rh,(Sp«k-<i point of dissection betffgily 
jthodium and nilhAiium. since the latter mct^l is nut affected yjf* 
'tyitassiiMW hydrogen Sulphate. * * 

S^’When heatM with sodium ehloridb in a current of clildfin^«tpe% 
'double chlqride.’.sodium chlor-rhodite, Niv,RhCl g . Aq., is formed, WhBjjtJ 
iffidsolvcs in watyc, yielding a rose-red solution. * 
f^fisactiom of Salts oflthoditm.— Ainmonimn sulphide 

« Otlofl, Vhtm. ZtU., 1§08, 3*. W. 


—««?*«» 

it precipitation qf.rhodiiim segquisulphide from hot solutions-of rhodiuii 
i-pltt. In contradistinction to plathium and iridium sulphates* «dict 
fare solute in excess of ammonium sulphide, rhodium sulphide* is 
i insoluble in excess oijthig reagent. • , 

Alkalies yield a yellowish brown precipitate of rhodium hydroxide, 
Rh/)j.:)f[/>, ontboiling. This precipitate is soluble in excess of the 
. reagent (contrast ruthenium). 

'r Potassium fjydroxide causes no precipitation from rhodium tri¬ 
chloride solution in the cold, hut on aiding alfohol it brown precipitate 
of hydroxide is obtained. This reaction is characteristic for rhodium. 

Another noteworthy reaction consists in adding potassium nitrite to 
a solution of the trichloride, whereby an orange-yellow precipitate is 
obtained which is only slightly soluble in water and is but slightly 
decomposed by concentrated hydrochloric acid. 

If the gases evolved by the action of hydrochloric acid upon potas¬ 
sium chlorate arc passed into a solution of a rhodium suit rendered 
alkaline by addition of sfxlium hydroxide, the liquid becomes yellowish 
red, then red, and finally a slight green precipitate forms. This latter 
redissolves, yielding a blue solution containing sodium rhodnte, 
NajIlhOj. This colour is destroyed by sodium peroxide or persulphate) 
and by sulphur dioxide. 1 

Metallic rhodium is precipitated from solutions of its salts by 
addition of metallic zinc. * 

Estimation. Rhodium is conveniently estimated by precipitation 
with magnesium from solutions of its salts. The precipitate is washed 
with .dilute sulphuric acid to remove excess of magnesium, dried, 
ignited in a current of hydrogen, cooled in carbon dioxide and weighed 
as metal. * 

Rhodium may also be estimated by reduction of its salts with 
hydrazine hydrate 2 in hot alkaline solution, the concentration of the 
rhodium not being too great. The hydrosol first formed rapidly 
coagulates, yielding a metallic, glistening precipitate, gas being evolved 
'the while in consequence of the catalytic action of the metal on the 
■ hydrazine. 1 The precipitate is dried at 105° C., ignited in air, followed 
by hydrogen, and finally by carbon dioxide, in which gas. it is cooled. 
The rhodium finis obtained is free from alkali. 

\ Separation of Rhodium from, the, Platinum Metals. See Schemes I 
and II, pp. 344 and 345. 


DETRITION AND ESTIMATION OF PALLADIUM 

Detection. - Metallic palladium is the most' readily fused of the 
platinum metals (sec Table, ,p. 5). When heated in air the surface 
becomes coated with oxides which tint it. The metal is soluble in 
Oipia regia, sparingly soluble in nitric acid, but more readily soluble in 
the fuming ap'd, yielding palladous nifrate, from which a brown preci* 
of basic salt may be obtained on dilution, with water provided) 
•the acid is not present in too great an excess. ( A mixture of coneeft~ 
tawed hydrochloric acid with chloric acid 2 is recommended as a useful 

* Alva te^Chem. Net™, 1905,91, 216; Compt. rend# 1905, 140 ,* 1341. , 

a (JuTbiot and Kota, Her., 1909, 42, 1431.. Conparo Jannascli and O. vonlfintol*, 
^., 1905,38,2130.- 

V: * Zapp), Anal. Ff§. Quiin. Argentina, 1915, 3 , 68 . 



BETfeeAIUst AND jBBTUUt'i’lW 1 cm "ms tnuntguyjf at nu^^w ^^pii 

•plvcht for'palltMiuni, inasSnuch as it lihemtewwee 
read»Ifr%ft4cKs the metjl. Thus: 

5IIC1 + HClrt, = SCI 3 4 3ll.jp. 

Boiling, QUi.ccntratcil sulphuric or liydrooliloric»aeid ^slowly dissolves 
the lftetal. Fused potassium hydrogen sulphate attains palladium. 

• Reactions of Salta of Palladium, lltith (hydrogen sulphide and 
ammonium sulphide effeet. (he precipitation of black palladium mono* 
sulphide, IMS, from solutions of its salts. The preeipitntc*is insoluble 
in excess of ammonium sulphide, out dissolves on Roiling with con¬ 
centrated hydrochloric acid, and is soluble 411 aipia regia. 

Caustic alkalies precipitate basic salts a- yellow! h Frown deposits^ 
soluble in excess. Water, alone, causes partial precipitation 1'nlfn 
acidulated solutions if acid is only present in very slight excess. 

, A characteristic reaction consists in the formation of a black pre¬ 
cipitate of palladoiis iodide, Pdl 2 . on addition of alkali iodide. This 
tends to dissolve in excess of the alkali iodide, lad is insoluble in hydro¬ 
chloric acid. 

Mercuric cyanide, Hg(CN) ; . precipitates palladous cyanide, l’d(CN),, 
from solution in the form of a yt llouish white, gelatinous deposit, which 
is readily soluble in potassium cyanide, as also in ammonium hydroxide/ 
'Jhis reaction is unique anumgsi t thc platinum metals, and serves as the 
basis of a useful method of separating and estimating ]>aliadiuni. 

Addition of potassium chloride to a solution of palladous ehluridO.; 
causes the precipitation of (lie red potassium tel racldorpalladatv-, 
K 2 1 MCIi. which dissolves in water to a red solution, but is insoluble in 
alcohol. , t ; 

Palladium may lie distinguished from copper.'since ammonium 
thiocyanate yields no precipitate e\'*n nfte^]iassage ol sulphur dioxide. 

Metallic zinc reduces palladous chloride solutions with deposition of 
finch’ divided metallic palladium. 

Estimation. Palladium may he estimated gva\imetrieallv by 
addition *of potassium chloride and alcohol to\ti e.mi cut rated solution 
of palladium chloride in hydrochloric acid. The brown*precipitate of 
potassium ehjur-palludite is collected, ignited, the potassium ehlcifidc' 
Washed out, and the residing palladium weighed as metal. * 

Palladium may be separate!! oyt f«om copper in this manner (see 
p. <U t). but clearly cannot bd.separated from such metals as ruthenium, 
etc.* which yield insoluble double’chloridw with i^uasniuni chloride. 

Palladium is frequently estimated by prccipitnubn of palladous 
cyanide. To*t|jis end a solution of merettric cyanide is added to oriclrf 
the chloride contui* inT> only a trace of acid. OygefiUy .vn 1 tiling until 
the odnur of hydrogen cyanide has ecajcd, a whifish precipitate of 
-palladous cyanide separates out. This is well washed, jgnilcd, and the ; 
palladium weighed as metal. . * : 

This*cyanide method is particularly useful- because, palladium'^: 
unique amongst the tyjatinmn ftietals in yielding ir precipitate of cyanide, 
oft’additTon of merdirie cyanide ; 4 hcncC palladium admits of syniration 
from.its allies iivthis fnanner, and from most of tin commoner id Aids 
• too, notable exertions being lead and copper. . ‘ 4 

Palladium nitty also bo-estiumted by adding sodium hydroxide-to a 
solution of the metal until th*e pfwipitate first forineij lias redis'sdvcd; 
.CRxeess of alcohol Is now added, and. the.whole tept oq the wqter-batl^ 



b&s disappeared. This . repe*ed { ‘' tSe ^ 
"t&oroughlv boiled, and the precijfifSted palladium collectcd^ift^niier 
|'«nd ignited, first in dr, then in hydrogen, and finally cooled id earfe# 
trdioxide. 1 f. » • 

Another method Consists in precipitating the metal from its hot 
'Solution by addition of a hydrazine salt in acid solution. 2 In thisTwayy . 
.palladium snay be separated from alurnyiium and chromium, aitf ■ 

, indeed from niokel anil cobalt if dilute solutions ur t c efnployed. But. 

the metal ftumot be separated front mercury, lead, silver, platinum, - 
' copper qr gold by this method, for although none of these metals are ;< 
^precipitated from solution Iry hydrogen salts alone, the presence of the 
PUjladium induces precipitation owing to the production of hydrogen. 

When acetylene gas is passed through an acidified solution containing 
palladium, a brown precipitate is obtained which, upon ignition, yields 
palladium. 3 In this way palladium may be quantitivcly separated 
from copper. 

- Separation of Palladium from Other Metals .--Palladium may be 
. separated from its allies also by addition of freshly precipitated silver 
iodide to a solution of their chlorides. Palladium chloride is the only 
•• one acted upon ; it is converted into a black insoluble residue of iodide, 
the other metals remaining in solution. The washed precipitate is 
treated with potassium iodide solution nr wilh aqua regia, whereby the 
palladium is dissolved out, and may be determined by ignition to th 
met&llic condition. 

f Palladium may be conveniently estimated by precipitation witl 
^K-nitmso jJ-naph'lhol in a similar manner to cobalt. The solution i 
-aeiditied with hydrochloric and acetic acids, heated to boiling am 
.precipitated with a hot, saturated solution of a-nitroso [2-naphthol ii 
"50 per cent, acetic acid. A red c.sloration is produced, giving rise t< 
u voluminous precipitate of the same colour, and having the compositioi 
^C»H,0 ,N) s P( 1. This is filtered off, washed, ignited in a current o 
'.hydrogen, and cooled in carbon dioxide, the palladium being weighei 
vJn the metallic bonditiAi. 4 .Since the other platinum metals' are no 
^precipitated ifv this manner, the foregoing affords a useful method o 
|iep«ration from them. The reaction is very sensitive, yielding a dis 


i*inci precipitate, on standing, from a solution containing only 0-001 mg 
: $pt palladium ammonium chloride per c.c. 5 « 

■ Palladium may also he precipitated 'with a 1 per cent, alcohol!' 
■•Solution of dimethyl glyoxime, and estimated in a similar manner.. 

£•*. < Palladium and Platinum may be separated from each other b\ 
|#(bpeatcdly evaporating their Solution with hydrochloric held, wltereb] 
:|he . palladium is, reduegjl to pqtladous chlofrde. On addition .ft 
|.fun(raonium chloride the platinum is precipitated .as ‘ammonium chlor: 
l^winate, (NH^PtCl,, leaving the palladium in solution, 6 from wine} 
be obtained by the glyoxime method. „ 

p f Electrical Methods .—Palladium maj be estimated flectroly tiballyfcs 
p^ijjifying solutions ot its salts^with sulphuric jocid, heating’ to 65“ H 

p''f'A3autbl6r and Jfaloo, SSeitadt. ami. Chem., 1909, 48 , 685., * 

S^'JairaaMh Bettgiw, Btr , 1901, 37 , 2210. Jannasch and‘Bostoaky, 'ibU2% 
adilr. Paat and Amboi^er, Ber., 1905, 38 , 1383. * ^ J -Ss# 

and Makowka, Btr,, 1904, 37 , 2894. » " 

fflg^Wl&dpr and ThUringor, Zcitach. atial. Chm., ■»}*,'3*, 537. 

W. Schmidt, Zetisch. am try. Cfum 1913, So. 330, 

CActft. Zerlr.. l&lft. I. 29TL * % 





^ivtccumyamc «i wins temperature wan a ^preet ^ v*»9 t Bis®a®p 
ai T<8#*c4>l|s.' The cathode may cctooenieutlv consist of it senucfWul«lf 
.jwSfc of*platinum-g.tuze and tbo anode of a phitiivim-sjnrnl. * If tin llii 

E re»?irt, it remains .in solthion^a complete ,$e{v>v$«-i of the two mefhlf; 
Oing thereby effected. 1 '*■ * . 

When a dilute stflutfon of palladium is acidified flit It hydrochloric 
a<jid and reduced with carbon monoxide the electric conductivity') 
increases considerably, the increase being proportional Vo the palladium^ 
and independent of t he a.adit y. Uhe increase in conductivity mulfipliedy 
by 1*21 .< 10 4 gives the number of milligrams of palladium ii^ 100 c.c, ; i 
with a nteuit error of about 1 per cent. 2 • ; ? 

Separation of Palladium from the l’lahuu n Mrials, bee Schemes L 
and II, pp. :m and afj. 


DETECTION AN1) ESTIMATION dOF OSMIUM 

Detection. Metallic osmium is characterised by its volatility at 
white heat without liquefaction, and by the production of volatile and 
excessively poisonous osmium Ictroxide u]>on ignition of the llndv 
divided metal in air or oxygen. The same vapour is evylved when 
any osmium comjxumd is bealejj with concentrated nitric acid. 

* Fuming nitric acid and aqua regia each dissolve the metal unless, 
the last named ha* previously been very strongly heated, in which t'ciio 
it is insoluble in all aeids. ’ * 

When heated with potassium chloride in a current of chlurine, 
osmium yields the tetrachloride, Osl'l 4 . . , 

Reactions of Salts of Osmium.— All compounds m osmium are 
reduced to the metal upon iguitiondi. hyitogen. Hydrogen sulphide 
in acid solution effects the precipitation of brownish-black osmium 
disulphide, OsS 2 , which is insoluble in ammonium sulphide. 

Alkalies precipitate hydrated osmium dioxide.* <>s((III) 4 , as a 
brownish*rcd mass, whilst grey anhydrous osniMm didkide i.^ obtained 
on fusing potassium liexaelilor osmate, K/)s< l„, with sodiflm enrbonate. 

Osmium tflroxidc dissolves in water, yielding a tieylral sole Ron 
possessed of oxidising activity. For example, it oxidises tfrrous 
sulphate *o the ferric condition, Doing itself reduced to the dioxide and 
tbrtuvn out of solution in tlfc idaek*’ hvdruted condition, Os(OH). or 
OsO t .2H 2 rt. • 

Sulphurous acid or sulphur dioxide added to the solution yield$ # a 
series of colotir 4 ehanges ranging from yffllow through,go ;n to blue, 
the last named bei: g*thc colour pf osmiupi yilphite, which then 
separates out, ..Metallic zinc effects the nyluction and precipitation of 
metallic osmium from solution as nldack powder, readily distinguish®! 
and separated froyi the allied platimun metals in that it is soiubteqm 
Hydrogen peroxidy. 

; A delicate colour-reaction lor osmium consists in waymng a solution 
eoiftaininft the metal, in flic form pf its titroxklc or as chlorosiiudc, wjth) 
thiociybamide in excels, together with. n» few drops of Ifydroehfoi^ 
acid. The presetfee of osmium is indicated by tin, development ijtPii 

% .s.5 

s,.0Outlj|er, Kellner anil Emstandar, ZtiUeh. anal. Chan., 1915, 54 , 208. SeeTUd 
'‘•jjisrg, Zcitich. EUktrodaM., 1904, 11 , S85, 

TfDonan, Mon*Uh ,*1906, 37 ,59. *• 



k deep reebor rosa corour, aue,ro me iorma*»n oi*a complex q*,epmpc*H4oar 
TejJfotcntcd by the formula [CtefCSfNH^jlClg.IIjO. 
suflkfientjy intense Jto enable the detection of one part of* osmium* 
in‘100,000. 1 

OsMiium may be estimated with considerable accu*. 
racy 3 by decomposing an alkali osmate with a slight excess of dilute? 
sulphuric acid, in the presence of a little alcohol to prevent rcoxidation. 
•After ten to twelve li # ours a bluish black deposit containing the whole 
of thV osmium is obtained. This iss filtered #nJ rctluced in hydrogen. 
Fremy’s method of precipitating osmium as sulphide docs not yield 
accurate results. 3 

, When present in various compounds or alloys, osmium is con¬ 
veniently estimated by ignition iu a current of oxygen, collection in 
.alcoholic alkali of the volatile tetroxide, and reduction with formalde¬ 
hyde. The reduction product, first forms a colloid, but is gradually 
precipitated and converted in metallic osmium by reduction in hydrogen 
at 230° to 250° t'. 3 (V the alcoholic solution may be treated with 
ammonium chloride and the precipitated osmyl diamminc chloride 
' reduced to metal in hydrogen. 

. Volumetric methods have been suggested, notably that of Klobbie, 4 
which consists in treating a solution of osmium tetroxide in dilute 
sulphuric acid with potassium iodide and titrating the liberated iodine 
- with sodium thiosulphate. One molecule of osmium tetroxide liberates 
, four atoms of iodine. The solution becomes dark green, but no further 
reduction takes place even after several days. 

Separation of Omnium from ruthenium, rhodium, iridium and 
platinum may be effected by addition ol' zinc or magnesium to the 
Solution containing these metals, whereby they are all precipitated as 
ft black deposit. ,, a 

Addition of hydrogen peroxide effects the solution of the osmium, 
the other metals remaining unaffected. The osmium may then be 
’estimated by nny'of the foregoing methods. 

Separation ojf (hmiifn from Ituihfirium .—The metals are precipitated 
together front solution as sulphides by passage of hydrogen sulphide 
though the acidified solution. The precipitate is dried and ignited in 
rft platinum-boat in a current of oxygen ; the ruthenium remains behind 
as the dioxide. Hut)., in which condition it is weighed, or, : f desired, 
it may he reduced to metal by ignition In hydrogen, cooled in carbon 
dioxide, and wviglvtd as netful. The osmium volatilises/ as tetroxide, 
Qs 0 4 , and is collected in J2 per cent, sodium hydroxide solution admixed 
With 2 per cent, of alcohol. * 

; Addition of. aluminium-strip effects the precipitation of metallic 
Osmium, which is collected ip an asbestos-packed tube and dried at dull 
rhU heat in hydrogen, cooled in carbon dioxide, and weighed. 

Separation of Osmium from Osmiridium. Sec p. 310. 
t Separation'' of thorium from the Platinum Mejali f. See Schemes 
add II, pp, a t f and !* 15. „ 

•if- ‘ t -"W 

>VTscffai'jipv, Compt, run!., 1918* tt 7 , 235. 

f Soo also OrlolT, Chun. 7 tit., fOOtt, 30, 714 ; Ruff and Bormlminn, Zetisdhu toQ,-. 
VMM*, 1010, 65, 420. , ■'■■"*** 

D*dd Ambergor, Ber., 1007, 40, 1378. 

■AKhbH*, Chem. Zenit., 1808, II, 0T>. ■* 
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•DETECTION AND ESrtAUTiON OF IMbniM 

• Detection —Metallic Iridium, like rhodium.}?insoluble m al l 
' save that in a very finely divided condition it-is slowly attacked 
aqua regia. Fusion with potassium hydrogen sulphate oxidises the 
..metal but does not effect ds solution (contrast ruthenium and rhodium), 
When fused with a mixture of potassium nitrate and hydroxide fin 
insoluble residue* con* ining the sesquioxidt* Ir t O$, with «^kaJi <v|il 
obtained. " • : "5 


Reaction ,s of Salts of Iridium .—Hydrogen sulphide in excess causal 
the precipitation of dark brown iridium sesqnisulpliido, Ir,S 3 . If thf 
iridium is present in solution in the tetravah nt condition, as for example 
in the form of alkali chlor-iridates, Mjlrt’l 0 or 2MCI. IrCI.,, the dark 
solution is first decolorised and a yellowish white precipitate of sulphttt 
‘forms in consequence of the reduction of the iridium salt to the trivalcnt 
condition, namely, as JrCI 3 . When this has been accomplished th* 
brown scsquisulphidc is obtained. 

Ammonium sulphide yields the same precipitate, soluble in excess. 
Alkali hydroxides in excess give the solution a green tint and 
precipitate a little double chloride. On heating the solution a red tint 
develops, changing to a deep azure blue in consequence* of the pre- 
Vipitalion of the hydrated diofide, Ir(OlI) 4 . This serves to distinguish 
iridium from platinum. t 

Potassium chloride and ammonium chloride precipitate from 
concentrated solutions their respective ehlor-irida.es, K.IrCt„ and 
(Nlr 3 )JrCl s . as brownish red deposits. * 

Addition of reducing agents such as ferrous su’phitte or stannous 
chloride to solutions of the alkali chlor-iridates redness them to double 
salts of iridium triebloride, namely. SMtl.MI, or M 3 lrCI„ known 
generally as chlor-iridites. The solution is simultaneously decolorised, 
and the salts crystallise out on cooling. « 

Metallic zinc reduces iridium salts to the metal, gdiieh is deposited 


as a black powder from solution. 

Alcohol reduces iridic salts to the corresponding iridous compounds. 

Estimation. -Iridium i% conveniently estimated by igniting ammo¬ 
nium eblor-iridate in hydrogeft, and weighing as metal. To this end; 
•solutions containing iridium,.salts are evaporated jvith aqua regia, 
.ftmmonivmi chloride-added, and Wie ehioiy ridate, 1^,)jlrCI 0 , collected 
anil ignited. . - ' ■ 

Separation of Iridium and Platiti iq/i.- Qucmiesi- n 1 
dissolving the‘alloy iu a mixture of one part by volume of nitric add 
(density K}2) wit lq two parts of hydroehkdie acid (fKnsijy 1-18) add 
evaporating to dryness. The residue is heated to 120' dissolved 'Ip 

• water and precipitated with magnesium. The deposited inctaldi|ld|’« 
i gnit cA at dull Yet|uess to render flic iridium, insoluble, treat cdfiilf 
i 5 With dilute suljthuric acid to extract the magnesium,‘and then Mm 
j' d9uted*aqim jegiA to Vxtract the platinum, leaving the iridium tjif’0 
^.insoluble residue. • * • * •* 

Another method consists iq melting the alloy of platinum 


^ufUlium with Wn times jts weight of lead in a carbon 


Quennewsen, ChtrA. Stun, lOOS, 92, 2i'« • 

Sftmuitcr ond-da Vergfer, 4 nalyst, »!!, jjg, 310, 



34/9 COBALT, NICKEL, AND ELEMENTS OF PUTINSS tiROCP 

'iepeateiflj» digesting* tke button thus obtained, with hot, dilute nitric 
aSd.* The insoluble residue is than^digested with aqua rdgfe,® diluted 
with wate£ and the rpsiduc of iridium .washed, ignited and weighed.* 

The iridium contcift of commercial platinum may be rapidly dcter- 
Jnined colorirnetrically* as follows: The metal is dissolved'in aqua 
regia, evaporated c to dryness and taken up with eonecntrateS hydro¬ 
chloric acid. The colour, of The solution thus obtained is compare^ 
,with that of a standard solution of platinum and iridium in the same 
solvent:' 

Analysis of Osmiridium* —Osniirmnim, m a uuciydivided condition, 
is intimafely mixed with four times its weight of sodium peroxide and 
qdded to fused sodium hydroxide in a nickel crucible. On treating 
the* product With water and washing the residue with sodium hypo¬ 
chlorite solution, a solution is obtained which holds all the osmium and 
ruthenium as alkali osmatc and ruthenate respectively, and some of 
the iridium as iridatc. 

The solution is distilled with chlorine at 70 l'., the vaporised 
tetroxides of osmium and ruthenium being collected in dilute hydro¬ 
chloric acid, and the metals may be separated and estimated as 
explained on page MS. The liquid in the distilling-llask must be kept 
alkaline to prevent iridium also passing over as chloride with the osmium 
and ruthenium. The residual solution containing the iridium is acidified 
with hydrochloric acid, the residue from the fusion dissolved with itf 
and the iridi”*" .ited as indicated above. 


DETECTION AND ESTIMATION OF PLATINUM 

Detection.— Metallic platinum is>insoluble in the individual mineral 
acids, but readily dissolves in aqua regia, yielding platinie chloride, 
PtCl 4 . A mixture of chloric acid with excess of hydrochloric acid ‘has 
been recommended' 3 as a useful solvent for platinum, the mechanism 
of the reaction depending, as in aqua regia, upon the liberation of free 
chlorine. Thus: 

• . . 5IIC1 -|- 1IC10 3 3C1 2 -F 3ll 2 0. 

When present in certain alloys, platinum is dissolved by nitric acid. 

When fused with caustic alkalies or potassium nitrate, platinum> s 
■oxidised. <■ .. 1 . 

Platinum sponge dissolves in boiling potassium cyanide solution. 

''Reactlots of Platinum Salts. —Hydrogen sulphide slowly causes the 
.deposition of a dark browq precipitate of platinie sulphide, PtS 2 , which 
is soluble in .aqua regia, but insoluble in nitric acid and in hydrochloric 
add, separately. 

y .“'Ammonium sulphide precipitates the disulphide from solution; it 
:;is soluble in excess of the vellow ammonium sulphide, yielding the, 
i ihio salt, (NU^PtS,. , *. 

fry Ammonium chloride produces a yellow precipiftitc.of aiiiSiionijitn 
adUo^platiiuVce, (Nil,djPtCl,, which is* slightly Ailublc.in water, but 
ftnsalub'e in alcohol..,. * 0 

• v, 

1 Myliua and Mazzucohelli, Zcihch. a.-org. C’tiem., 1014, 89 , l. 

s Leidit and Quennoascn, Compt. vend., 1903, 136 , 1399. 

* Zappi, Anal/Fis. Quim. Argentina, 1915, 3 , 68 . ‘ 



DETECTION AND ESTIMATION Of taTHfAflNDJ! MBTi4« ; ; :; 'S4l? 

• vjjjlutij J&s of platinic*chloride yjejd a l»!6od-rcB ocMftr witlvstawnoyk 
chloridf unless in very dilute solution, when the colour % a golden 
brrujpp. On shaking with ethefthe colour is exacted. 1 Tttis reaction 
is useful since it is not given by iridium or'pu.iftlinm, nor yet by m»B, 
oi' gold,* Filtcr-pnp<>r, however, gives coloratio'i aftyv treatment withe 
aqua regia, so that in'testing for platinum any filter-paper or organic 
matter of a humic natnrr. should be destroyed hv fusion with pyro*j 
sulphate prior ti •extraction with aqua regia.* • v 

Oxalic aeid, on the other hand, does not reduce platinic chloride 
although it reduces gold solutions, depositing metallic geld. This' 
often affords a convenient method of separating the two imtnls, 

Metallic platinum is precipitated from solutions of, its salts* by 
metallic zinc. 

Estimation.-- Platinum may be estimated by acidulating the solution 
*of its salts with hydrochloric acid and passing hydrogen sulphide 
through the bailing liquid. The platinum is precipitated as disulphide, 
ignited and weighed as metal. Gaze recommends addition of mercuric 
chloride to the solution, whereby the platinum sulphide comes down 
with mercuric sulphide in a manageable form. The latter disappears 
by volatilisation during ignition. 3 

An obvious disadvantage lies in the fact that the hulk of the pre¬ 
cipitate is increased, and of <Aurse the mercuric vapours evolved upon 
ignition are poisonous. For these reasons magnesium chioridj has 
been rccomnu-ndt .1, since the presence of this salt in solution assists 
precipitation of the platinum sulphide, which is obtained in r. pure 
state upon washing with acidulated water. 4 * 

Platinum is conveniently estimated by almost r.euttalising an nttid 
solution of its salts with ammonia, and concentrating until crystallisa¬ 
tion sets in. Sufficient water is now added to just dissolve the crystals, 
an() excess of saturated ammonium chloride solution. After thorough 
mixing an excess of alcohol is added, and the whtjle allowed to stand 
for twejjty-four hours, after which the precipitate oi.mnnionium chlor- 
platinate, (NII,) a PlCI», is collected on asbestos in a (yucHile, washed 
with 80 per cent, alcohol, and either*wei<'hed as such after drying, oi 
ignited in a'current, of hydrogen and weighed as metallic plntinmli. 

Volumetric Methods.- A useful volumetric method consists in adding 
platinic chloride or an alkah elflor-platinate to a fold concentrator 
solution .of, potassium iodide.’ IThc iodmo lihciated, according to the 
equation * 

PtCl, 4. iKI - PtI, «{- lKf'1 f I 2 . 

is estimated by t' ration with sodium thiosulphate *in the usual way# 
with starclf as indicator. , , 

Caloromelric Methods have born recommended 

The purity of a sample of platinum may lw checked hv dcterfntnlT.gl 

• • 

Wohler, Chon. '/.oi.. 1007, 31 ,*938. 

Lritggtein and flrausrtttr., Chum. Zeil., 1814, 38 , 808, 

Gaze, ApolX. '/.tit.. 4012, zy, OS* * 

►Ivanov, J, fljtss. Chem. fine., 1010, ^ 8 , 527. 

Pcterscm, Ze&sch. aiutrn. Ch*M., WOO, 19, 50; * Cramp©,*.,,.. #f _ 

See Mingay Itccords ocgl. Hunty N.S. Wales, 1000, 8, ^70; J. Cfom. $<x., 1910* 
7ft. r - v • 




3te thertno-electric force of 1 a cqnpic consisting of the sat^pie^i 
inown standard platinum alloy. 1 , “ ....... 

•1 Microchemical ‘Method of estimating traces of platinum ia.gpld 
tnd silver is cleseribetKhy van Breukeleveen.® 


COMPLETE ANALYSIS OF THE I # LATINUM METALS 

r ' t * i fI ° 

. A. Qualitative Analysis.—Several methods may he employed for 
the qualitative determination of the platinum metals. The procedure 
js necessarily varied somewhat according to the nature and number of 
dtker metals present. These frequently comprise gold, mercury, 
arsenic, antimony, and tin. 

Scheme I 

One method oonsists in passing hydrogen sulphide into the hot acidified 
solution of tho chlorides until no further precipitation occurs. After 
washing, the precipitate is warmed with yellow ammonium sulphide, 
and tho whole filtered. 


The insoluble residue, which may contain Ru, 
Rh, I’d and Os, is fused with KOH -(• KOKJ,. 
extracted with water and filtered. 


Tho residue is ignited in 
hydrogen and extracted 
with HNO a . The insoluble 
reRiduo may con tain 1th and 
I’d. Aqua regia is added. 


The solution is 

neutralised with 
UNO, and fil¬ 
tered. 


j | A black pro- Distil tho 

iny rhodium Tho solution cipiiato of filtrate with 
Mptatns as an is evaporated, oxide indi- UNO,. Vo- 
„ Insoluble tho'husiduo » cates ruthe- latilo OsO, 
residue ” dissolved in ninm. indicates 
wafer, almost osmium 

neutralised with _ 

Na,00,. A white j 

precipitate on ..niaek residue 

adding llg(ON), -Is iridium 

indicates 
psl'adium. 


The solution may contain 
I’t.lr and Ah, contaminated 
with As, Sb and Sn. HC1 hP 
added and tho precipitated 
sulphides fused witli Na, 
C0 3 f Na„N0 3 . Extraction 
with water removes As as 
soluble arsenate,The residue 
is reduced with Zn -fHCl. 
Boiling with HOI dissolves 
out tho Hit. Again boiling 
with UNO, ami tartario 
acid removes Sb. Th<* re¬ 
sidue is heated to dull red¬ 
ness to render iijjdinm in¬ 
soluble. Diluted aqua regia 
is added. 


Tho solution may con¬ 
tain I*t and Au. Take to 
dryness on wtcr-batfi 
with excess of NH,(8, 
Troat with alcohol in 
which A'* 5 -!, is soluble} 
•i filter. 


Platinum, if present, is 
obtained us spongo by 
igniting the residue. 


Any gold in tho filtra 

is precipitated by adt 
,tion of ferrous sulpha 
solution. ’ 


SntScsi and Sale, J. Ind. Eng. c\em., lg}4, 6, 452; J. )Vashington A'md.&t 
282 . '* 


an Breukclevecn, Rcc. trav. chm., 1917, 36 , 285. 


Scht *. ;• II 

J.lylius ami Dieix' rccotnmenfl bniliw the bouiIIi* of tho mofidllo 
(.tiloriili'n with dilute nittio acid, and collecting Jhi ywtillate in fhxliam 
hydiv>xi(ie solution, which Iwcomea yellow if osnm m U present, smew 
tho latter passe - over with the steam as volatile. (- <0 4 . 0 Yho residual 
liquid is shaken with cth t to extract any gplil chloride, and then boiled 
with ammonium aeetato^nd formic acid for sow fh! hours in a tfuak tilted 
with a vertical condenser. The metals arc reduced Jp a black precipitate 
which is warned. dri»*, ! and heated to redness in hydrogen to expel an^ 
mercury, 'lie* reside, .* idler treatment witli hydrochloriclurid is mixed, 
with sodium chloride and ignited in chlorine. On dissolving kV 
resulting product in water, and adding anrnitmimii chloride, l’t. lr ami 
Ru .are precipitated, whilst Pd and Uh n p'am in „< -Hi*ion. This 
separation is not quantitative, but sutlkvs fur qualitative au.dyWs. 


Dissolve the precipitate in warm The filtrate is evaporated to dry* 

water. Add hydroxylamine * ami ness vyth excess of ammonia, tho 

then Nil,rl, resitluo taken up with the mini* 

! mum amount of warm ammonia 

i" .. .| :md cooled. 

Precipitate of am- Evaporate the fih- _|_ 

monnimehlor-plati- rate to dryness, re- j ‘ I 

nateeonfirmsplati- dun* in hydrogen. IV precipitate eon- If filtrate ehU- 
num. Pos<‘ with KUI^ i K ists of ammonium tains palladium 

* KXo 4 . and extract ho.xa * chlor *rhodite, till" is pmupilatodv 

with water. •continuing rhodium* by PvJl osp^ado*- 

! arnmino chloride. 

The insoluble residue is heated Distil the. filtrate in a euro at 

with NaCl in chlorine. K\tract of chlorine. Any rutheniuirt 

with water. Iridium is pmri- escape,!* as volatile KuO,. 
pitated on addition of Nil 4 ('l. 

‘ My litis and Diet/. Her., IS98, 31, hlftl. 

1 This reduces the ruthenium and iridium to trie!ilorid(H, 



34*4 COBAI.T,,NIckEL, ANOK^EMBSTS OF PLAWNDM QROCP 

... B. Qtlantiuri ve^Ahalysi*. -A complete quantitative auatyjf^ttf.the 
platinum metals is a complicate!? process, and«several useful |cnct$tes 
have beci/suggcsted.a Two only arc gtven here: 

Scheme I 

This is based on that cceoTnmcndcd by IVJellor. 1 It is not elaborate, 
,but yields quite good results. 

Treat witli aqua roqia. Fuso any insoluble residue with Na,0„ 
fcnJ dissolve in llC'i. Mix the two solutions. Following metals 
may bo present: Ru, lift, I’d, Os, Ir, Ft, as well as Au, Cu, Fo, Ni.' 

Distil in chlorino 


Volatilo portion is 
ooUootcd in NaOH 
solution. Contains 

Rathenium, Os- 
mi tun. Soparate as 
per page 338. 


Solution contains 
Platinum, with 
merest traces of pal¬ 
ladium which may 
be neglected. Esti¬ 
mate ait per p. 341. 


Residual solution is lioilcd to expel chlorino. NH 4 Cj 
and two-thirds its volume of alcohol added. 


Precipitate contains Pt, Ir, some Filtrate contains Rh, Pd, with 
Rh, and traces of Pd. Ignito Cu, Fe. Ni. Nearly neutralise 
and extract with aqua regia. with NH,Oil. Add IKS. 


Insolulilo residue 
contains Rli and 
Ir. Fuse witli 
KIIS0 4 ami ex¬ 
tract with water 
apd dilute HjSO,. 


Fil. rato contains 
Fe, Ni, and traces 
» of Au and Rh. 
Evaporate to dry¬ 
ness with HNO a . 
Ignite. Wash out 
Fo and Ni with 
HOI. Ignite residue 
of Au and Rh.and 


I 

Sulphides of Age 
Cu, Pd, Rh remain 
ns precipitate. Di¬ 
gest with HC1. 


Rh passes into solution. 
Boil with Na/’Oj, acid¬ 
ify with 1ICI, ignito add 


Rnsiduo contains oxi¬ 
dised,. Iridium with, 
peijjiaps, a trace of 
rhodium. Estimate as 
per p. .i3!l. 


Filtrate con¬ 
tains Pd and 
Cu." Add KC! 
and alcohol. 

Palladium it 

preoipitatedat 

K,L’dCl 4 . 


Dissolve .ill th.ee in 
ac'>a regia. Au passes 
into solution, leaving 
Rhodium. Estimato 
as per p. 334. 


1 Mollor, .1 Treatise on Quantitative Inorganic Analysis (CiriiFrti and Co., 1913). 
* From the nickel crucible Used. 






®BTBSC7KQN AND ESTIMATION Off flffE PLATfNOM METALS ME 


Scbefts* II 

. me ioiiowmg seucmc ui Wunflor and ThtirniR<y*is unscti on uevjuc 
iru? Cfebmy’s 2 classical method already detailed pt'veiling pages. 


The o to conUtiring Fe, Cu, Ah, Pt, Ir, Rh, ami jm 
is decomposed with aqua regia niter :#iy particles 
* ot Au havff been ineehanieallv separated. 



The residue of sand, osmiridium, etc., 
is fused with borax and metallic silver. 
The resulting silver button is heated with 
nitric acid anti the insoluble residue of 
Oamiridium is weighed and analysed 
(p. 340). 


Thu solution is boiled to o.xjf‘1 nitric 
aeid, tfmti d with < hlorint.-water and 
evapoi t- 1 at a j< w t: upirntlire to 
dryness A little wntoi ts added unft 
the solution animated with ammonium 
chloride. 


The precipitate consists of the double 
ammonium chloride* of platinum and 
iridium. Ignite and weigh the metals. 
Treat with aqua regia to dissohe out the 
platinum. 



* ^ 

♦ho residue is From flic solution nie 

Iridium. platinum is precipitated 

us tin 1 d'lililc ammonium 
chloride which, up si ig¬ 
nition, yields Platinum. 


To tins filtrate mill ammonium 

OMlllllo, 


Tim precipitate 

is metallic Gold, 
which isromplctrly 
thrown down in 
tllis wav. 


" "I 

To tlm filtrate 

add « I per gent, 
alcoholic^ Hill u - 
tion of tfiiiuitiyl 
gtynxir.v. 


The precipitate consists of palla¬ 
dium dimethyl glyoxiine. Ignite* 
to yield metallic Palladium. 


Reduce the sohdlon 
wfti, zinc, and hydro¬ 
chloric arid. 


Tin' precipitate contains 08, llh, and • The solution con¬ 
tract's of fraud Pt. Treat wit* dilute Lins Iron, 

nitric aeidgl: 1). 


The r sidne if fused with The solution is evaporated 
Klf.SO, ami ^he mel' ex- with IfCl tj> remove UNO, 
, greeted with 001 * 0 . Hf’l. _ . and the C opper eatiwated. 


The AtLdue consists of Ir and The* solution contains rl#>- 

]>t, which meio lie separated ilium sulphate. Addition of 
as indicated above. • zinc prcTupimtosHhodium. 

• * • , *. * 

Note 1. Tho platinum obtained from the ignited mixture oi fdatinum and iridfcjg 
by extraction with auiia regia, and subsequent precipitation ns lit- double «i "nOflM 
chloride, and ignition Vsually contains a»lityo iridium. Th* process Should 'herefore fa 
rpfiPAtpfl ® ® § 0 

NOTE SL The gold th#owtf out of solution hf the dimethyl glygxime is usuallyCOrt 
t8&ioat«Owith traces of platinum. Thcpdiolo iwdiwdvcd in aqua mgia and the pljttentf 
pj^cinjtated in the usual w"y with ammonium chlofidc. The gmo m tHTtn pracfftittjtoc 
m th? metalli* comjtion wiih atnmonityn oxalate* • 

t Wuncler and ittfKngpr, Zjixch. anal. Ohm., 101.3, 52, 74<£* 

* Devillc and Debray, .4 nrt fyim. Phi/*., 1850, [iji], *6, 4.30. 




APPENDIX I 


OCCURRENCE X)F COBALT AND NICKEL 

ISiSam, quantities of zaratik, an emerald green, hydrated, basic car¬ 
bonate of nickel, NiC0 3 .2Ni(0H) s . 4II 2 0, have been found in Mill 
Close Lead Mine at Darley Dale in Derbyshire by Garnett. 1 Specimens, 
of zinciferous zaratitc were also found, jmssessed of a blue colour and 
containing cobalt, probably in the form of the hydrated carbonate 
; known as remingtomte. This appears to be the first, occasion on record 
in which minerals containing cobalt and nickel have been found in 
Great Britain. 

Cobalt ores, namely cnbalUte and rrylhrik (see pp. 10-20), have been 
found near Sclwyn, in the Cloneurry- District of Queensland. 2 Tljp 
ore, whilst remarkably free from nickel, is admixed with small quantities 
Of gerld and silver. 


APPENDIX II 


THE ATOMIC WEIGHTS OF TERRESTRIAL AND 
METEORIC NICKEL 

Tbe fact that certain vcYy stable elements, notably lead, when obtained 
from different sources have been found to yield somewhat different 
yahitss.for their atomic weights [see this Series, Vols. I and V] renders 
it desirable to-ascertain how npmy other stable elements exhibit the 
(fame phenomenon. A comparison of the ‘.mines obtained with samples 
of meteoric and. terrestrial"'pin has shown that if any sreh difference 
existed in the specimens, it lay well within the limit of experimental 
Orrur.® Now nickel is a prrticularly interesting metal to examine 
{ritaswc, as pointed out on p. 98 of this volume, by accepting the. 
yj|iue 58-08 for its atomic weight we are confronted with a difficulty 1 
& Connection with the Periodic Classification of the Elements* Th<K 
aeuipted atomic weight of cobalt is 58-97, a value which places toft, 
ffictal after nickel in Group VIII, whereas in its properties it conr ; 
ijjjtOtes an excellent, intermediary between iron and nickel and should) 
ihereforc precede the latter metal. If nickel is a mixture of two 

greater atomic weight than cobalt, and one of less, thisanqpioljjig 

SlA communion, ion from Mr C. S. Garnett. Sec also Nature, 1920, nteXNtgfeji 

ffqiarf, 1021 . 107 , 25. ■ 

jfe -* Baxter and Thorvaldsoii, J. Amer. Che,% Sue ., 1911, J3> 327. Zeitoe&,~,&l 
ssi, .1611. 70 , 848. Bwrtw and Hoover, *tod., 1718, 80 , SOL.. Ji 
IJ34, USB. BigW Internet. Coni. Applied Chen., 1918, *.37,. ■' 

340* 




APPENDIX 

ihl«*dfcy|be explained. Baxter ^ Parsons 1 *have therefore Mmsi 
gated 'the problem, ana determined with great cafe the atonile \yoi$fts 
rumples of the terrestrial and meteoric metal/respectively, ?}]£££ 
suits are hs follows :— 


• 

Nicks). 

• 

• 

Ratio 

, N’i: 0. * 

Uoinio weight.of -L 
' JSirkeL 

» - nr :* 

Terrestrial .... 

• 1 

0*00887 

% , 

58*702 

(mean of six determinat ions) 
Meteoric .... 

3 007 s:) 

• 

58685 

• (mean of three determinations) 




As the authors point out, the tendency of the nickel oxide to occlude 
:ascs, for which a correction must be applied, introduces a very slight 
inccrtainty into the values. Hearing this in mind, the agreement 
letween the results is fairly satisfactory, and if any difference existed 
V|twcen the specimens on accowt of isotopy, it must he regarded as 
laving been within the limit of exjieriniental error. Incidentally' it 
nay be mentioned that the results substantiate those obtained* by 
tlichards and Cushman in 1807 for the atomic weight, of nickel.* 

1 Baxter and Parsons,./. Amcr. (.'Item. Stir., 1921, 43, 007. 

3 See this volume, p. 97. * * 
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Sturm, ‘.Ml, 202 

Sule, 209 

Suzuki, 5!) 

Sv.-inhere, 921 

Taksmakut, 20 

Tafcl, 10S, 109 

Tagiuri, 1 12. 113, I IS 

Taiiunanu, 27, 37, 91, lo7, 108, 133, 191 

T.-m;il;ir, L“7+ 

Tarugi, 40, 281 
Taylor. 17 
'reieliuianu. 1 10 

Tennant, 2os. 212. 213, 222, 235. 242 
T.-rlikowski, 15, 113, 111 
Terreil, fc’O 
Tile yard, 20, 210 
Thiel. 119 
Thick , 52 
'llioma. 178 
Thompson. F. f\, 105 
Thompson, d. F.. 282 
Thompson, S.. 34 1 

'riiomsen. 280, 5K7, 292, 295, 298 
Thomson. 103, 215 
i horpe, 53 55, 121 
'I’liiiringer, 330. 315 
Til dials, 5S 124 
* v ic»iborno. to , , 

Tilderi: 27, 28. 51. 178 
Tingle, A.. 291 
Tingle, ,1. B„ 29'. 

Tite, 127 
Tivoli, 312 
To bier, 54 123 

Tl>Ue i*, 71 
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Tr •ttaivlii, 171 
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2o.7, 3o:i, ;;o*. 
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Xr,yu-r. ,Iii. 330 
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Wahl, 37 
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Waitnihi i/. 01. 1.7.7. 212. 201. 2s0 
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lkow#10s. 20.7 
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W.'I 30 42. 43, 91,532 
\\ tHi: ki’. .70, 4 2 * 

Wri t In mi, 101 * 
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Wuivit, 1 
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Z.iflpi, 200. 2>-0. 2sv. 
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Ai.um, c«»I*, iit, 50 
rubidium, 2.11 
rhodium, Hi!) 

Aluminium ehlorpalladite, 107 
crhlorplat iii:i(e, 20.* 
plaLinocynnide, 210 
Ammonium brom-iridate, 217 • 
brom-iridito, 217 
hromosmate, 21S 
brompalladute, 200 
brom pal ladite, 100 
bromplatinato, 200 
bromrulhenate, 111 
bromrulhenite, lit 
calcium plaliuoeyanide, 221 
chhtf-iridate, 210 
c.hlor-ii'ldito, 211 
ehlorosmale, 210 
ohlorosmile, 215 
ohlor palladate, I0S 
‘ehlorpalladite, iOO 
cldorpulladosulphile, 20 [ 
chlorplntinate, 202 
chlor-ruthenate, 112 
cobalt alum, 50 
cobalt chromate, 5S 
cobalt sulphate. 55* 
cobalt sulphite. 52 
cobaltievaifulr, JO 
oobr limit rite, 01 
liovltc.lvJor rlinilit .*, 103 
iodirid.ite, 217 
iodiridito, 217 
iodoplntinate, 202 
iodosmato. 21S 
iridiuitr;te. 253 
iridium alum. 251 
iridium sulpnite. 251 
nickel ehloi iile, 111 
’■* nickel eliminate, 125 
ni(*.kel st lenate. 121 
nickel sulphate, 12!'. 
nickel sulphite, 121 ' 
nitroso-cblnr-rut* vnate, 150 
osminitrito, 233 
osmyl bromide, 225 
chloride; 225 
osmyloxy* bromide, 227 
oAiiylov*’-chloride, 227 ** 
oamyh'xy-n^’ ite, 228 
‘palhvdofcyamdo, 200 
pentabrom-rhoilite, 104 
pent :u‘h lor- rhodite, l tP 


Ammonium platinoeyanidc 310 
plat immit rite, 300 
rhudiehlor-nilrnte, 171 

rhodinitrate, 171 
rhodium alum. 170 
seleiincyanoplat inite, .328 
tetraeidorpint inite, 2*7 
thiocyaiioplatinate, 328 
thiocyanoplatinite. 327 
Annabnyite, 70, 80, I3U 
A«iui»ehlor-iri<lites. 211 
Anjozoil, lO0 
As I Milan, 10, 20 
Ask elite, 20 

Asymmetry of cobalt, 30 

llvuit'M brompalladite. 100 
brompLit inat-e, 30o 
eldot -indite, 211 
ehlorpalladite. 107 
ohlorplalinate. 205 
eobaltievanide, 00 
cobalt initiate, 01 
red, 02 
e,t»b;dl it<\ 51 
dieobaltite, 51 
iodopiat inate, 302 
iridieyanitlc, 255 
iridium ehlor-nit rile 251 
nickelite, 117 
osmat< 220 
o/miamate, 232 

• osminitrito, 233 
osmoeyanide, 231 
'osmyloxy-nitriic, 22S 

pentabronuhodite, 105 
pentachlorhydroxyplat-* ate, 200 
platinoeyanide, 310 
pot assium osihoevanide, 231 
^ potassium platinoeyanide. 324 
radium phtinoeyanid*-, 321 
rhodinitrite, 171 
ruthenate, 147 
' ibtlienite, 140 
ruth'moeyunide 152 
tot r.iehlorpbtt 'mile, 2S7 
fchioevanoplatftiate. 328 
Benedict metal, 104 
Bossomeriscd matte, S!» 
j Biebente, 20, 54 \ 

1 Bismuth ruthenoeyanide. 153 
! Uismuto smaltito, 10 20 

* Black nickel, 79, 80 
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OHiriigitnte, 2MM • 
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% platinjpnitrite. Min 9 ■ 

7 mt#ssium plaiiuor.\an;de. M21 
nrthonale, 147 , 

tetraehlorpktinj^e. 2S7 
Canadian Copper ( ompnny.jM 
CVirhonyl plalinfhi dibromim?. Ml# 
dichloride /n 
• m dbiodidp, $14 • 


j Carbonyl platinum monoxiue, aui 
* tnnntiMilpllldt', Ml >• 

? ^ thiocarhoifute, 315 

thioeyaiitf. M17 
Carrolhte, l .,*3) 

Cerium chi'-Vj* »;itin:itr, 205 
platiiio< yani'h, M2^* 
letr^elth rpl.it inil« . 2s7 
( 1 hloautlnt«t, 10. 7S, 120 

Chlorhydir.vyplatiliie yt ids. 200 

< ’lilor iiidates?245 
Cli lor-indites. 2IM 
(. hloru^Miatc > 2hi 
C1i1o!">?j■ it«• 217 

< 'hlorp.il. dali, 107 
Chlorpalladitt >, 100 
Chlorplatinates. 202 
Clilorplatiuites. 2SU 
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< 'hhir i ill h'^nitrs, I 11 

('Imimium nit kel. 107 
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cirri rolvtie pn p.iinti* it, 25 
f limati.in. 77 
hist "IV. 10 

► Inlay, lory prepaiation, 20 
mi to. 70 

oc'lu ion of hydtojrm, 28 
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ph\si.ai :on-tants. 5, 2(t-^8 

pi i.pel ties :»t» 9 

prcpaiution, Jt» 25 
prewnee in sun. 10 * 
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^tallies of ( 'impounds, ]0 
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solubility of 7J 
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antiinonident 00 » 
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(V»b:l)t 1)^10,*48 
bifniteSf 74 
* hr;ri(|(*H t 7'i 
bronialo,oo 
bromide, 42 
bromplatinato, 300 
carbide, ♦»<» 
uirhnnates, 0/ 
basil:, 07 
•arbonyls, 00 
■Moralfe, 45 f 
hydrates, 45 
solubility, 45 
chloride* 30 
. Dolour of, 30 42 
I'Moropontamniine ohlorido, 23 
ehlorplatinalo, 205 
ohlorstannalo, 74 
ehromato, 58 
double Halls, 58 
cobalt ie.yanide, 70 
colmltite, 51 
cupric sulphate, 55 
currency, 35 
cyanide, 08 
di-antimonide, 00 
di-arsenide, Of 
di-bnride, 71 
di-eljromnte, 58 
di-coba^t it e, 51 
di*o\idc. 50 
di-sohnide, 57 
di-selenite, 57 
di-silieide, 72 , 
di-sulphide, 52 
di-th innate, 53 
district-, 10 
driers. 31 
fluoride, 38 
tluosilicate, 73 
fluostaunate. 74 
glance, 10. ?0 
green, 48 
baluJVs, 38 44 
hydroxide, 40 
hypophosphite, 04 
iodate, 40 
iodide, 43 
indnplatinate, 302 
motapho jphnte. 01 
nif’.vbdate, pH 
moniintinionide, 00 
monarsenide. 05 
monohoride. 71 
iv.owosilieide. 72 
mo'uosulphide, 51 
monotelluride. 58 
monoxide. 48 '* 

nickel sulphate, 55 
nitrate, 02 
nitride, 50' 
nitrite, 50 
nitrooyaf»idos, 72 
prtho-arsena’v. 05 . 
ortho*phosphate. 04* 
ortho silicate. 73 


| Cobalt oxi^e, commeq»ial 4 20-25 
I preparation, 20 

Herrensehmidt’s myi 
Liebig’s method, 21 1 

. Wohler’s method, 20 

purilication, 21 25 
• oxychloride* 4ft 
oxyfluoriile, 44 
oxvsulphide, 52 
perchlorate, 45 
periodal^, 47 
peroxide, 50 
phosphates, 04 
phosphides, 03 -04 
pi> ( spliit.es, 01 
platimmitrite, 310 
poly,sulphide, 52 
potassium carbonate, 07 
nitrite, 50 
sulphate, 50 
sulphite, 52 
pyro-arsenate, 05 
pyro-arsoni<e, 05 
1 iltlienocyaliidc, |53 
Selena I e, 57 
selenides, 57 
seleniles, 57 
^•sipii arsenide, 05 
srsijuioxidr, 50 
hydrated, 50 
sesi|uiphosphide. (it 
Hesi|uiphosphiti‘, 04 
sesijuisHenide, 57 
sesijuisulphide, 52 
Hesipiitelliiride, 58 
silicati s, 7.3 
silieidi-s, 72 
stannate, 74 
suh-horide. 71 
sub-phosphide. 03 
suh-selcnide, 57 
sub-silieide, 72 
sulphate, 53 
basic. 55 
sulphurs, 51 
suVpliite. 52 
double salts, 52 
,tel(\irides. 58 
tellurite, 58 
tetraborate, 71 
tetraearbonvl, 07 
tetrachlor p!a ( tinite„ 2^7 
totrilS‘4enide. ;'»7 
V thiocyanate, 7 1 c 
double salts, 72 
thiosulphate. 53 
tri-arsenid.-, 05 
1 tri-e.arbonvl, (57 i 
tri-selenite, s}7 i 
ultramarine, 48 
vitriol, 20, 54 
yellow, 00 

Cohulticynnhj acid, 08 
Cohalt ryaifidos, 08 -71 
Cohiltinitrites, 50 02 

l 1 J%'ilUi> f* i *rhnnnte. (»’’ 



lobaJfio chloride. 4!L 

* IbiorL^^Sj ... 
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• .oxide, 5(. 
sflt.nrfe, 57 
sulphate, 5d 
sulphite. 52 
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^*‘>aUitcs, 51 ^ 

"Jolalto-eobalf ie oxide. 
'Jobnltn-eob.dii-triniti ifc, 07 
Tobaltoeynnides. OS 
.Vbaltous arid. 51 
\>baltotis salt'.. c Cobalt 
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Jonstantan. MMl 
'opper bromplatinate, 300 
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I Cobalt sulphate, 55 
cobaltieyanidr, 70 
nickel. 7s. SO 
plat iriocyanide, 32! 
platinonihite. 310 
ruthcnocyanide, 152 
tetraddorplatiiiite, 2S7 

Puproniekel. lot 

! Vaiioplatinatci, 320 
Lyanoplatinites, .310 
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Pynnnplntinntis I. 31'* 

DknT \T. alloy, 2s3 
DieaibonvIplatiniJMi dirhloride, .311 
T)ic*h!nrddi\dio\\platinii at id, 307 
nieldortbliydrow platincie arid, 3sS 
Dichlon-yanoplatinir arid. 3 JO 
(>i< ldoi p dladous add, 100 
Dier^ialtites. 51 
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Diniekd phosphide. I 37 
Diniek* I silicidc. 133 
DiphosLU-nc platinum diddojidc, 31 I 
lbihodium penfn.sidc, 107 
Driers, cobalt, 

KauTUV cfl.alt, 10. 20 
Emerald nickel. 70. SO 
Krythrine, 2^1 
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Kiurxnesite, 171 ^ 

pERRors cobalt iexnVide. 

Fischer's nitrite prc#r- 
salt, 00. 70, ?5 
Folperite. 7S. SO 

• 

OxnouJn m ehhtip'atin^te, 2!*5 
(jUrnierite. 70 s| 

*fydis*. S3 
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Herrenschmitirs met hot!. 23 
Hexabrompnlftdates. 100 
! Icxabmiii-indates. 2*17 
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llexaehlor-osmites. 215 
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f.-Mindift , 217 
b*'t"p!akinrdeH } 30.* * 
lod-.J^Ttinie ac»l, ,3<> 
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id i urn, Reparation from platinum,metals, 

*112 345 

tables of (^mpounds, 15 

UrWH, 211* 

volatilisation, 1, 5, 204 ,'2*0 
idium alloys, 211 
alums, 25I 
amnli'nm, ‘ill. 
ammonium sulphite, 251 
Mark, 22S 

hromirtes, 21(5 

chlorides. 212 
ehlnmit rites, 2511 
lynnidcf 251 
licliloridi*. 212 
li-oxid* 1 , 2-1 M» 
colloidal, 210 
hydrated, 210 
disulphate, 252 
hydroMol, 15, 238 
iodides, 217 
monoehlnride, 2-12 
monosulphide, 250 
monoxide. 2IS 
oxybromide, 217 
phosphide, 251 
potassium sukdiate, 250 
HOHijuioxide, -IS 

*.">v«piselenide, 252 
HUSijuispIphale, 251 
sesi (disulphide, 250 
sesqurmlphite, 250 
tetrahromide, 217 
{■ctraehloride, 2,11 
[elm-iodide. 247 
trihrmnide, 210 
sudd, 217 
trieldoride, 2-12 
tri-iodide, 217 

tri-oxide, 210 
Iridosmine. 20S 

Iron, com par'll m with manganese 11 
nickel and cobalt, 7 
Ruthenium and osmium. 12 
physical ('oustant i. 5 
table of compound*. 10 
volatility, 1 

fron ehlorplatinnte is? 
iodoplalinate, 302' 
t<( ruehlorplal init e, i!S7 

t. 

.1 AUM'IUTK, lif. 20. M 

Kino’s Idue. 4S«» 

Kinftrniekel, 70, SO 

' K- 

Lattritk, ISO 
Load bromplatinate. 200 
ohlorplatinate. 205 
cobalt ieyanide, 71 ' 
ind'r'ob ohlornitrito. 254 
peril aehlorhydrow plat inate. 200 
plattru'oVanide, 222 
.platinoqttrit*?*. 710 

rut liciioeyanide. 152 

tet rabromdihydroxyplat mate. 200 


Load ta>trachlord&ydw>xTOlnt!nate,^>96 
tetrachlorplatinato, 28?** ~ 

tet radodod m ydroxyplatinat o *702 
* thiocyanoplatinatc, 32S 4 

trichlorliydroxypiatinit e, 28S 
Liebig’s method, 21,75 
Lirm.xite, 10, gO.tfO, 80 
Lithium chlorplutinale, 205* 
nickel chloride, 111 
platinfc:yanide, 220 
datinoeyanido, rfl>2 
datinonitrite, 310 
potassium platinoevanide, 324 

Maonksiitm bromplat inate, 300 
ehlorpalla-’.dc, 10S 
ohlorpalladite, 107 
chlorplat inate, 205 
cobalt ite, 51 
iodoplatinate. 302 
osminitrite, 233 
plat inocyauide, 32p 
plat inonitrite, 310 
ruthenate, 147 
tet raehlorplat iuite, 2S7 
Manganese brompalladitc, IDO 
bromplatinate, 300 
<falorpalladate, 10S 
ehlorpalladite, 107 
ehlorplatiuale, 205 
iodoplatinate, 302 
platinonitrite, 310 
ruthenoeyanide, 153 
Manganin, 1 n*» 

Maueherite, 7S 
Melonite, 7S, SO, 124 
Mercury iridium eld< unit rite. 254 
plat inoeyanides. 323 
ruthenoeyanide, 153 
tot.ra hromdihyi I row pin f inn t e, 300 
tetra-iododihvdroxyplatinate,i702 
Millerit.e, 7S. SO, 110 
Molybdenum-nickel, 107 
Mond process, 24. S7 
Moimehhl.-;vmtnhvdrnx\ platinie acid, 20' 
MonOearbonvl platinum dichloi? le, 313 
‘Moresnnite. 78. SO, 121 
«. 

Nvnmu, alloys, ‘i04 
Nevyanskite, 235 
Nieeoljte, 78 SO. 120 
Niehroine, LOO " 

Nickel. S,r Cl.'np. Ill 
a tomie w eight, ,)6 00 
lda'-k, 70 
catalytic. 03 

(jhemieal properties', 03-05 
colloidal, 00 / < 

commercial production. Si 00 w 
comparison wrjth eobaU, 7-10 
’ copper, 12 
, iron, 7 10 

palladium. 10-18 
qdnthmm, 10-18 
detection, 134 

electrpdeposition. 00,100-J03 
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Wckel. eltttrolyUc pK p^mt ion.^'J 

.•mtiWW. 
cBt*irtati»*u* 134 
Iftatnrj’, 7<l 

laboratory preparation, 81 
metallurgy. 83-Ml 
occlusion of Jiyiln-L’cn, 32 • 
occurrence, 7S 
ores, 78-82 • 

passivity, 7, 02, 10’ • 

physicsi constants. f», 00 0.. 

prop.i'ics, 1H! 03 
physiological action. On 
presence in stiu, *0 
pyrophoric, 00 
sources, Si 

tables of compounds, 10. I* 
uses. 00 
volat ilisation, 4 
white, 78 

Nickel alloys. 103 K>0 
amide, 123 

ammonium old* ride, 111 
chromate, 123 
fiohnatc, 124 
sulphate, 123 
nntimonat#, 130 
antiinonide. 130 
arsenate, 130 
arsenides, 120 
urserrite. J30 
a/.oimide, 12.) 
blende, 7S 

hlo<i?ii. 70. SO 
ho rate!', 134 
borides. 133 
brass, 104- 
hftnnate, 114 

bromide, 112 
bromplatinale. 300 

|»ron/e?00. Hit ^ 

caesium chlorides, 112 
chromate. 123 
sclenate, IS 1 

sulpha! 0 * I2.> 

carbidc^02, 131 
varhonate, 132 
carbonyl^‘^1 
chlorate, 113 
chloride, HI 
chlori»stanmne # n.* 

chlorpallad.de. lib 
chlorpallsditc. 10J, 

chlorplatimfle. 20.) 

chromate. 124 
basic, 124 # 

ohroiiium. 107 ^ 
cobalt Milphnt*'^ •» 
/»nbal*cvanide. 71 « 
coU&ltoeyanid*, OS _ 
compounds, !•* 

currency. 0* • 

cyanide, 132 — t 

di-arsenide. L-0 

di-horn tc. !•« 

4',. boride * 


1 28 


Nickel ili-chromat<v 125 

• di-bvdrox'de. 110 ’ 

• Vii-o\ide, 117 jl 

di-phosphide. yS 
di-selenidc !-.» 
d.-ndphi«M20 
tluoride, 1 0* 
lluosyieate. 133 
llnostain^te, 133 
b.did.s. IK' 
hr.vaiiiet.iphf sphate 
hydi«i\idc. 110 * 

hypophosplut.'. 12S 
uniat - ♦ 111 

h> h t.:.. Ml. M3 
iodoplatinati-, 3t>2 
iodide. 112 
lithium cldoiide, 111 
matte. S3 

metaplioj■ | li.de, 12S 
molyi date. 12.» 
uiol\ lull num. lt'7 
niiiiiantiinonnie, 130 

ir.onar; enidr, 120 
tuonocyanidi . 132 

llliiMobot i> 1«*. 1 33 
inoiton-lenide, 123 

monosilieide, 13.1 
inonosnlphido. 110 
nioiiotcllm idc, 121 
nionoxidr. Ho 
niiiate. 12*» 
nil i ale, 123 
nitrite, I *J«» 
o. hro. b *, so • 
iittl^' aisenatc. 13'* 
ditI " phosphate. 1 > 

. |1 i.o-silieaii. 133 
.*vi«l« s, 113 • 

pi-reldor;d«-. 113 ^ 

pn-i.ffhd-s. in 

pc fox -dit I I S 

♦ phos, hates. 12s 

phosphides. 127 

phosphites. 1 2S 
platinoidtsite. 310 
^potiis-iom a/oimiih , 
ch^'Hiate. 12 
IffliMie. 12« • 

Kclcnate. 124 
^snlpliat". 123 
pvriteS. 7*» 

K?'J 

inbidtfim ehhaMe. 112* 
rhionjate, »-3 
selcnul**. 124 % 
Milphatf-, 123 

rutheius yanide, irljl 

salts, coball fie* . 110 

* ««•!* TlJlte, 124 * 

sc|midel23 
>#:lcnitc,T&3 
H‘*S«juioxi f |e, 1 I i 
KCHfJuiphr ' nliide. J 28 
gesqlliselenide, 1*3 

scwpn^lplddc. 120 


. 1 ?. r 
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ickol s^qmtcllufldc, 124 
silicates, 133 
suicides, U$3 
stiver, 80^1105 
slannat.'*, 1113 
steel, 103 
•aI iWin«‘. 7!) * 

sub-boride, 134 1 

mibplu.sphide, 127 
sub-oxide, 1 15 
M«iiis4uii«tc*, i2:r 
null sdieide, tin t 
sub-sulphide, 110 
snlphat t, 78, 121 
sulphides, 110 
^sulphite, 12IJ 
121 

1,<-llurit<>. 12) 
tetraborate, 134 
tel ra carbonyl, 131 
Mr.ichlorplutinile, 287 
tetnisulphide, 120 
letroxide, MS 
thio-ant.imonile, 130 
lhiocarbon.it e hexammoniate, 133 
thiocyanate, 132 
thio-orlhopliospluite, 120 
t hiopyrophosjdnle, 120 
pliospbite, 120 
. bate, 121 
triphosphide, 12S 
tungsten, 107 
vanaif'ite. 130 
vitriol, 121 
Ni- kelin. I<M* 

Niekeline, 7S. SO, 120 
Niokelie llimi-idc, 111 
sulphate, 123 
Niekeloniekclie oxide. 117 
selenidc, 123 
Niokclous niekclitc, 11 ! 
Nieomcl.ine, 70, SO 
Nitrocolmlt, HO 
Nitronk’kel, 120 
Nitrosoel\lor riilh< rates, 1:70 
Nit-rosy 1 hromplatinate. 300 
chlnrplatinatc, 300 
Noumoile. 70, SO 

Orr.wfN, Law of. 2 
Orford Process, S7 
Hamate*, 220 
Oamiamic arid. 231 
'.Jamie acid, 220 
Oatniehloridcs. 2it* 

/Jamic'd rites, 233 
Osmiridium. 20S 

analysis of, 310 ' 

Oamisulphites, 230 
Osmoehloride*, 215 
Osinoc^yiie a id. 233 
OsmoeVaFiides. 233 
Osmtom. (‘Imp. VU 
atonin' weigb'^L 210 212 
catalytic* activity. 2i0 
chemical properties. .00 


4fep>7‘ 

til to lip 


Osmium, colloidal, 210 t m 
comparraoiunth iron alK^uml^ipm, 12 
detection, Jw7 
• estimation, 338 
history, 208 
occurrence, 208 
physical constants, 5 
propert ies, 200 
preparation. 208 
recovery of. 2O0, 

separation from platinum metals,312-31G 
r table ofVompounds, 13 
uses, 212 

Osmium alloys, 212 
bromides, 217 
chlorides, 211 
cyanide, 233 

diainmiiie hydroxide, 231 
dichloride, 214 
dihydroxide, 210 
dioxide 1 , 210 
hydrated, 210 
pyrophoric, 210 
colloidal, 220 
disulphide, 228 
hcxailuoride, 214 
hydriodide, 21S 
Kydrosol, t», 210 

monoxide, 210 
hydrated, 210 
nitrite, 232 
oetachloride, 21“*, 217 
octaliuorid'\ 213 
oxides, 210 
oxysulphiile, 220 
H'*s(|iiioxide, 210 
sulphite. 220 
tetrachloride, 215 
tetralluoride. 21 l 
totra-iodide. 21S 
tetrasulphidc, 220 
tetmxide, 221 
trichloride, 215 
Osmvl bnnnides, 225 
chloral., 224 
niC *ites, 225 

oxalates. 221* 
oxy-salts, 220 228 
tetrammine chloride, 231 
hydroxide. 231 

Packfono,105 
Palladium. Scr Chap. VI 
v allotropy. lSl 

atomic weight. 1SS 102 
catalytic activity, 182 
chemical properties; 182 
‘ cVdlojdal, 0, 184 , 

comparison will iiiekel nod platinum, $ 

crystalline. l&* 

detection. 7, 334 

estimation, 335 

history, 174 

oceludon 1*1 gases, 177 

‘ , hydrogen. ITS 

i 11 occurrence, 17* 
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nlltulflini, permeability, I7u 

phyUl&l jrropenics, 175 
tprapdraftyn/ni 
. % ^Upi> r °* H5 

peparut ion from platinum metals.342 -315 
sponiry, lt*7 

table of compounds, 17* 
uses, 188 

volatilisation, 1 .V», 504 
alladinm allot s. IP.’ • 
nmn'o'nm, 101 
antimoui'b ?•, 20C 
black, 1ST 
bromide, 108 
chlorides, 105 
cyanide, “Oil 
diehloride, 105 
di-oxide, hydrated, 202 
disulphide. 203 
fluoride. 105 
iodide. 200 
monosilieide. 207 
mouosulpliiile. 203 
monoxide, 2ol 
nitrate. 2<<5 
nitrite. 205 
oxides, 201/ 

1 *'!cniiti'. -J0t 
soldi id-\ 20 f 

sesipiiovide. Imlruted, 201 
suboxide. 200 

suhselenido. 204 

subsile ;de. 207 
siibsnlpliide. 203 

sulphate, 201 
sulplnie, 201 
thioeY'iimfe, 2011 
trffdd'nride, lOT 
hdludobn-uiidi s, 100 
’alLidoevanide-. 2<T, 

hdladnnAites. 2*>5 
’ulliwlmis salts. S> t Palladium 
‘ussivit v of < obalt, 7, 20 
iron. 7 % 

ni< l\' l 7, 02 
pi n inWkn. 2<W, 305 
*af«Toite, 5S 

, ei^abromi)^|l#datf lf'li 
Yntahrmnrlu'dites. Pit 
V-nlabromrntbe^i!< ■«. 11 C 
iVnlaebl"rbydro\^ ulatini 
'eiltaeblorpall idat^lO". $ J 

Ynfaehlorplat inmi- jp id, 288* 
’enlaohlor-rhollites. lr.3 . 
'enlacblor-nithenit Ill 
IVntlanditr, 7s. SO. ^2 
IVr-rutWennO *s 147 
Uatinic salts. Xtr platinum 
nn^meyflnides. 320 • 4 • 

M.itgme, 103 * • 

'latmoey.anidt s. ‘.HO 52'< 

Platinoid, J00** • 

Matinonitrites, 3^0 • » 

Platinous salts. .Srr Platinum 
Platinum. »$«■ fhaj). 1X 


>‘id. 200 


IMatinum, atomic wcigli^ 3. 27$ %7H 
catalytic activity. LflJ 
• ^chemical proJ^rties, 2 ft,5 


Volloidal. 2<>% p 

cornparisos- v^ij^i niekelaid pcflliuliun 
crystalling ti. 2'"' 
defection of 7.34 n 
diffusion of 
estimations 311 
explosive, 274 
fulminatin«^207 
history. 250 
native. 257 
oecurp-in e. 2Mi 
pa*-: i\ * \. 2*'«H 
phv ie,.. eon: .; nt.* 
properties. 2o*j 
preparation. 257 
of pure. 201 
leliniuL' of. 250 

sejmrat i<<%i fi«m: pi ll iuum metals, 342 31 
soluhilitv of pasi s in. 205 
table of < on.pniu:d.-, 17 

uses of. 278 

volatility 1.5. 203 
world piodiu ti<.it. 270 
!.*tmum allovs. 280 


amaham 284 
u I iniomde. 31.3 
I 'art.. 273 
htomide.'. 207 

earhoiiv | .|. i i\ at ir . 513 315 

ehloi iti.-s-. 283 

thh iiodide. 5<>2 

e\ unide. 315 

>ii antin.onide, ft 

dibrfn.iide. 207 
« l.-.nv 1.514 
d ehloiid< . 285 

dipie'■ ;,r i pi• i \ I. 514 

jroiy.e o bi n\ I 
a ‘•'inir thou i.5l,J 

‘ diev«eid.f 513 

■dil'uoi id«-. 285 

di iodidi . 501 

ear bon vl. 511 
di-n- ide. h\ drati (I. 

mphnvphid . 312 • 
di x^-ale. 357 

di^lphafe. 5lir, / 
dilellmidi 3'>0 
lli*iridt )*. 2*v" 
lioin nijl* j i iatje. 2fd 

'■ I. 0. 2‘-0 % * 
sol hi? 273 f 
•odeh-s 5,i 1 
luoimi hli-j n!e, 
monoxide. 303 
e.'ll bfi|ivl..rt I 5 

• hydratf <!. 5,02, 

* monoplutf pb’d. * 
moiiosele^i . 50s 
monosili< ide J: ’0 
monos.ulpbide, 500 

carbon^,. 315 * 

rnonotel^iridp, 30 > 









'SUiSJJSUJL' liNJJftA 




Platinuig ojcs, 25f 
an il vse.s, 257. £5S 
(Aides," 303 * 

* ctKyuulphHc, 307 
Qhosphhfc\ 312 
plating, 207 
rutheuoeyanide, 153 
selenides, 30S \ 

B'Wipimxide, hydrated, 303 
sexijuisulphido, 300 
silieidex, 320 
Holder* 207 
SJHin^O, 274 
star mate, 327 
suhphosphide, 312 
/Mill .iliclde, 320 
rf.ibxtit,utes, # 270 
suhtelluride, 303 
sulphate, 307 
sulphides, 303 
8nl|ihi1<*. 307 
tel hi rides, 303 
tetrabromide, 203 
tetrachloride., 233 
hydrates, 200 
tetralhioride, 235 
t.«*4.ra-iodide, 301 
thiorarbnnult <. 315 
thioeyanate, carbonyl, 315 
'ThS^an miles, 320 
trichloride, 233 
hicyanide, 320 
tri-ox(.Ie, 305 
trixelenide, 303 

Platinum metal*:, analvsis of, jjirilit.it ive, 
312 

ijuanlitative, 311 « 

Porcelain-paint itij», 33, 43, to 
Porpesile, 174 

Potassium aquobromnit’.enate, 114 

a<|iioeldor-rut.honats I 13 

barium osmouvnnide, 231 
plalinoevKinide. 321 
bromiridate, 247 
bromiridito. 217 
bromosinate, 21 1 
brompnllad.ite. 100 
bronipal Indite, 100 
brompaltadonit rite, 205 

bromplat inate, 30f», ' 

bromrufiienate. 141 
bromrut beryl e, 111 
calcium platinorvaniije, 321 
chlor-iridate, 245 
chlordridito, S43 , 

tlilorosmatc. 210 
ohforosmite, 215 
eldorjvdtudate, 103 
chlorpalladite, 100 
chlorpalladonitrib-. 205 
chlorplatinafh, 201 
cffitf-iuthonate, 112 
clvor-ruthenite, 111 
cobalt, afurn^ 50 
„ carbonate,o 
cobaltitc, 51 


Potassium cobalt nitrite, 59 
sulphite, 5(** 
sulphite,/!? 
eobalticyanidc, 09 
1 cobaltini trite., 00 
eobalto-azoimido, 59 
cobaltocyanide, 08 
fluorosrmitr, 2*11 
hexacldor-rhoditc, 102 
iodiridate, 247 
iodiriiVte, 247 , 

, iixlopayadite, 200 
iodopalladouitrite, 205 
iodoplatiunte, 302 
iodo.smate, 213 
iriilieyanide, 254 
iridinitrite, 253 
iridium alum, 251 
eldor-nitrite, 253 
sulphite, 250 

lithium platin<icyanide, 324 
nickel azoimide, 125 
chromate, 125 
nitrite, 120 
selenate, 124 
sulphate, 123 
nitrosohromosmale. 232 
nitrtMi*eldorosmate, 232 ' 
nit rosiichlor-rut lienate, 150 
iiitroxo-indoxmate, 232 
osrnate, 220 
osmiamafe, 232 
osminitritc. 233 
osinneyanide, 233 
osmvl bromide, 225 
eliloride, 22 J 
nitrite, 225 
oxychloride, 227 
ownitrite, 223 
palladocyanide, 200 
palladothiocyannt*', 200 
pentabnnnrbodite, 101 
pent lehlur-rhodite, 103 
per nOlienate, 143 
pi itmievanide, 327 
plat inocyaniile. 323 
pHtiuonilrite, 310 
rln,*dh vanide, 173 
• rliddinitrile, 170 
rhodium alum, 170 
ruthenate, 147’ 
ruthenium nitrite, W>| 
nitrosnehli^ide, ?.j0 
ruthenoeyanide, ITjl 
; selenoevanoplatinalo, 32.* 
sodium platinoevaniile, 325 
strontium plutinocynnide. 325 
, tj'trabromplal inite. 203 

tetr. ehlordibro!* iplatin.de, .503 
tetraehlorph-tiiiU *. 237 xl 
tjiiocvnnnplati nate. 3 lS 
tiiioevanoplatinite, 327 
‘ thiopalladate, 204 
thionallad/te, 203 
thioplatinato, 307 
I Pjromclane. 78, 80 



R,uhi :0 barhtit platinovyanido, 
lUmmcisbttitfitc. 19. 90, \t\) » 

l{ewda*rutc, SO % \ 

I<bdtiv.ynii%s;l72 
I thot4iy.it 170 

Khodite. 164 * 
llhodium. tit' Chap. V 
atomic wi^M. 167-16;) • 

colloUi.il. 1 fit: 

comparison icl: ««It, 11 
iridiuiii, 1 1 • 

detection, 7, 333 
estimation. 33 I 
explosive, 16i'. 
history, 161 
occurrence, 164 
physical eons* ants, 6 
pro j km t ies, 166 

preparation, 161 
separation from platinum metals, 
table i f compounds. 16 
uses, 167 

volatilisation, 6, 166 
hodium alloys, 16ft 
alums*, !<»',♦ 
hl.uk. 167 

ammonium chlomitint*-, 17 1 

cyan'.do, 174 
dichiotiiic, 169 
dioxide, |o0 
hvdrawd, J00 
double sulphides. 109 
'/old, 161 

hydro-' n sulphide. IOS 
rnouo.sidphidi'. I*»7 
nitrate, 171 
nit fit i , !7t» 
potn-sium tut rite. 170 
s< ffjuioxidi, 1**6 
h\dra*cd, 1 1 »*» 
sofjuistdphide 107 
sodium ?ulpi»ate, 101) 
sulphate. Hi!* 
basic, i 00 
sulphite, 100 • 

Hulphvdrate, 10S 
trihromi'^', 104 
IS’iehloiide, in- iluld* 1 , 1*>0 
.soluble, yU 
trl-iodide, lt»6 
tri-oxide, 107 
urnnyl nit rat 
Khodobromidcs. 10 
llhodochlwiideK, !*»4 tf 
Hinman's tin-eft, 

Huhidium hrompad i 
hrompall id it . 199 
bfomjll.diua»." -00 
^hromnitin nate. Pit 
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j KuhidiAn (hloiplatiiVUeMW 
| chur-Md’ enete, )43 

! cliior nit lienit#, 142 * 

y bd.a1t ain* *)> 


Mi? ::ir. 


, Oiomrif 
eH# ir: 
editor-tr: 


prnn^henite. 1 51 i 
1-iriOatc. 2 
-rridiie 2 Uf^ 
chlorosmatc.fMO* 
chlorpalholate.JOS 
chlorpalladite, 11*7 
chlorplatinat< # 294 


indium a 


:p: y- 


112 


170 


, 142 


t II 

flap. I \ 
1 to 

I 36 


, i:: 


liieUi tel* . 

edit cii ia 126 

sehnate. !24 
sul|»l ■ . 123 
liitioM'e hlflr i ut In mde. 
pentahromihodite. 1 * >|- 
pcntaeldoj piftladati 11*7 ( 
pi nt.n hloi tl . dite. Il l 

pi »* »?:«*< \ ai.idt, 3;’ t 
plat :: 111 :t< 

lho.i'ui.i alum, 
llutle i.at. ■>, 117 

l-« • } »'• 

Hut In nii Idol sdi- 
Hut In mti I f i> 

Hut hem n hl^nd'. 

Untie ilium, .v 1 
atomie Wei. 1 lit, 
elieihieal pmpi-i! n 
roll, 'id.il, IPS 

eouipan nit v itli non and 
ei\>t.dlm«. I.*'.7 
tl* :*i lion, :;:jn 
i Mimat u n, 333 
e\p|nni\r. 13b 

lii-toi4, i; , ,r. 

lie. Ill-ion «•! *■;, e. . < 7 

occurrence, I oil» 

phy> ie.tI i oii.-i.int.-. 6 

!""i o~ 

»n pa'.it i. n. i:;o 
ofatum . I .‘!7 

-• p. a* u-i.fiom p'.ilu.ui'i ij.i ta! 
-‘.'OI! r '\. I .‘IS 

la) )', '.d H.,!i|"«.. .. :3 
\. I d ih -.0 -on. 6 H 1 
Hu'.Ih iiiuii. .dl' '.. . l td 
4 di. ail : n*',. lid 
fidl' ldoi ide. | jo 1 

Mioxidi , i H» 
di-u!j»hid'-. J IS * 

ditl ,.n;de. 149 
%ioiid< . l-l*i 
I!H i itjf-. dowf.ie, | . ,l 
u!'*>s«*i Idoiaft', | 1 *■ 

'll* 1 u-ot l ill \ droM'Je, I r* 
n^losotid'O- -.,«ie, i:.n 

nilro.-oUi a dull , l.'ai 

o\\« liUli !> 1 l.; . 

. I-K- C 

j.Ik<*'|»1ik !. i:,i .. ■ 

, 11! ■. X I f i»'. II.', 
fi; dr.tf.p-, 

•■•-'jniM|lphid‘\ 14 

* -• 'Ji|i-u|i liite, ! | 
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j.-hate, 
let raehloiio* .112, 
tetioxir^-, 14*, • 
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Kuthenjpm Cribromidc, 143 
trichloriuo, 14 f f 
fc’i-iodide, 144 * 

^ris.ulphuy:, 148 

Sa^ki.oiutk, 19, 20, 03 
SafHower, 73 
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Sesfpiieaibonyl platinum dielduride, 313 
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bromplatinu^c, 300 
eMoriridato, 240' 
ohlor-iridite, 244 
ehlor othnito, 216 
ddorplfttinnte, 294 
.••obaltioyarridr, 71 
cobalti-trimtrite, 02 
iridioyauide, 235 
osiniamate, 232 
osinmitrito, 233 
oxmydoxynitrite, 22S 
palladonitrite, 205 
pimtaiddorhydroxyplatinatc, 290 
platinievanide, 327 
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tiitra-iydo-dihydroxypl.it iualo, 302 
lldooyanoplutmatn, 328 
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thiopalladilo, 203 
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Siserskile, 235 
Skiltterudite, 19, 20, 05 
Small, 73 

Small it e, 19, 20, 05, 79 
Sodium lmmiiri<latt\ 1 17 
broiniridite, 217 
bromosmajr, 217 
brompalladito, l'd> 
broiJVpbitinate. 300 
ohlor it Ida to, 215 
cldor-indite, 241 
nldorosmato, 210 
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iodirid tt<\ 2P 

knKridile, 217 
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sulphite. 251 
parnate, 220 
o. :;W\'.\aU\ 232* 
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platinieyanidc, 327 
P platinoO/anide, 325 
platiriouitrite, 310 
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rhodato, 107 
rhodimtrite, 151 
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rut hen,ate, 147 
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tetraohlorplatinite. 2S7 
thiocy.'inoplatinale, 328 
thiopalladate, 204 
tbioplatinates, 307 
Sjierrylite, 257, 312 
Stainless cutlery, 30 
Stellite, 30 

Strontium brompalladito 199 
bromplatinale, 300 
cl.lorplatinate, 295 
cobalt initi it c. 02 
osininitrite, 233 
osmyloxynitrite. 228 
pentuchlorhydroxyplatinu o 290 
platinoeyanide, 325 
plalinonit rilt, 311 
potassium platinocyanide, 325 
ruthenate, 117 
ruthenoeyanide, 152 
tetraohlorplatinite, 287 
Ibioe.yanoplatinaie, 328 
Sudbury ore, origin of, 82 
Syepoorite, 20, 51 
Sympathetic inks, 31. 42 

Tkmiskamitk, 78, 80 
T' ttabroindibvdroxyplatinic acid. 3('() 
Tetrabrompalia<litcs, 199 
Telrabromplat inites, 298 
Tetrachloidihydroxyplatinie acid, 290 
Tetraehlyrpuliadiles, 190 
Tetraeldoipiat inites, 280 
..Tetiachlorplatinous add, 285 
Te,tr;\yo’>alt triphosphide, 01 
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Tetranitro-filatmous . id, 3( 9 
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cldor-iridnte, 240 
cldor-iridite, 244 
iridium alum, 2.52 
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rhodium alum, .79 
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tetraohlorplatinite, 28" 
i ct ra-iodo-dihydroxy phnmatc, 302 
Tlumard’s bl M o, 4S 
Thiocyanoplatinatcs, 32.^ 
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Tin elftorp'atmate, 295 
{aUicnocyanidc, 153 
Traditional elements, 2 
Triads. 1 * 

Trichlorhyd*oxyplatinitcp, 2SS 
TrichlorhydroAyplatinoufi afld, 2S7 
Tr^ohalt di-nis(^|do, 05 
''iphosphidc, 04 
totrasulphido, 52 • 

fretroxidc. 10 
Triniokel di-arsenide, 120 
suhoxide, 115 
tetrasulpliide, 120 
tct-roxide, 117 
Triplatinum tetroxide, 303 
Tri-rhodium tetroxide. lt.5 
^Tungsten nickel, 1<»7 
Turquoise green, 40 
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f \ \ ill vaniil**, I of 
Wohler's Mr! 4. | 20 
Wolfndiitr r . Ml 

Zaffkk, 06, 73 I 
Zaratitf*, 

Zinc broinpnlladite. 1 
luumplatini^r. 300 
* chlorpalladutr, IPS, 
rldorpalladiir, 107 
chloi'platinaO , 205 
cobaltmitrite, 02 
cohultoevunide, OS 
iodoplatinate. 302 
osminitrito, 233 
pla(inor\anide, 325 
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rutlirnoeynnide. 152 
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